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A healthy diet abundant in vegetables and fruits containing high levels of phenols and regular 
sports activity play an important role as chemopreventive agents against modern diseases. 
Nowadays, cancer and diabetes are two of the major causes of death all over the world 
(Fresco et al., 2006). 
 
Phenolic and polyphenol compounds are secondary metabolites present in fruits, vegetables 
and cereals and protect the plant against pathogen attack and ltraviolet radiation (Kreft et al., 
2000). As antioxidants, phenolic compounds prevent oxidative damage to cellular 
organelles, proteins, lipids, DNA, and RNA molecules (Chen et al., 2018). Phenolic 
antioxidants appear to play an important role in inhibition of tumor promotion. They not 
only inhibit the autoxidation of lipids, but they also have the ability to retard lipid oxidation 
by inhibiting lipooxygenase activity (Ho, 1992). 
 
Knotweeds, which belong to the genus Fallopia Adans. (Polygonaceae), are considered to 
be dangerous weeds in Europe (Bailey et al., 1996), but in the past, these plants were well 
appreciated garden plants (Bailey and Connoly, 2000). In some parts of the world, these 
environmentally problematic plants play an important role in peoples’ health, as they 
produce many secondary metabolites that are medically valuable, such as emodin, 
resveratrol and resveratrol derivatives (Kovářová et al., 2010).  
 
Resveratrol, one of the most powerful antioxidants and recently also the most studied among 
polyphenols, is a naturally occurring polyphenol typically associated with grapes and red 
wine (Rotches-Ribalta et al., 2012). The compound was first isolated from the rhizome of 
Fallopia japonica (Vastano et al., 2000). Starting in the 20th century and continuing to date, 
scientific studies have reported that resveratrol has a wide range of desirable biological 
actions (Amri et al., 2012). These actions include the protection against cardiovascular 
diseases (Wang et al., 2016), cancer prevention as well as diabetes and obesity prevention 
(Xu and Si, 2012). Fallopia japonica has traditionally been used for treatment of various 
inflammatory diseases in the countries of Eastern Asia (Yi et al., 2007). 
 
In line with the already documented positive effects of knotweeds, we aimed to compare the 
antioxidant, anticancer, antidiabetic andantimicrobial activities of extracts of flowers and 
rhizomes of the F. japonica and F. x bohemica. 
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1.1 SCOPE OF THE WORK 
 
The aim of this research was to determine and compare antioxidant capacity (DPPH and 
Folin-Ciocaulteu assay, Cellular Antioxidant Activity assay), as well as the antidiabetic and 
antimicrobial activity of rhizome and flower extracts of Japanese (Fallopia japonica) and 
Bohemian (Fallopia x bohemica) knotweeds. Furthermore, we were interested in whether 
our samples could inhibit the growth of cancer tissue cultures (HeLa, HepG2 and PaTu) with 
the HEK 293T cell line used as a control tissue culture. Moreover, we performed High 
Performance Liquid Chromatogaphy with Diode-Array Detector (HPLC/DAD) in order to 
quantify the phenolic compounds in ethanol extracts.  
 
1.2 RESEARCH HYPOTHESIS 
 
In our research we hypothesize that: 
 
- Ethanol extracts of F. japonica and F. x bohemica will have different antioxidant 
activities. 
- Rhizome extracts will have the highest concentration of resveratrol, whereas flower 
extracts will have the lowest concentration of resveratrol or there will not be any. 
- The extracts will not destroy the membrane of normal blood cells. 
- The extracts will inhibit the viability of cancer cell lines (HeLa, HepG2, PaTu).  
- The extracts of F. japonica and F. x bohemica knotweed will decrease α-amylase 
activity. 
- Rhizome and flower extracts of F. japonica and F x bohemica will inhibit the growth 
of selected bacteria and yeasts. 
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2 LITERATURE REVIEW 
 
2.1 KNOTWEEDS (GENUS FALLOPIA SECT. REYNOUTRIA) 
 
Knotweeds belong to the family Polygonaceae where buckwheat (Fagopyrum esculentum 
Moench) and rhubarb (Rheum rhabarbarum L.) are also classified. The family is most 
prominent in North America, Europe and Southeast Asia, and has few representatives in 
South America, the Caribbean, Africa, and Australia (Sanchez et al., 2011).  
 
In Slovenia, the genus Fallopia is represented by 5 species and 2 hybrids. According to 
morphological and molecular signs, it is separated into 3 sections (Fallopia Adanson, 
Sarmentosae (Grintz) Holub and Reynoutria (Houtt.) Ronse Decraene). The most interesting 
section for our research is named Reynoutria, which includes 3 alien species, namely 
Fallopia japonica (Houtt.) Ronse Decraene (also Polygonum cuspidatum), Fallopia 
sachalinensis (F. Schmidt) Ronse Decraene and their hybrid Fallopia x bohemica (Chrtek & 
Chrtkova) J.P. Bailey (Bailey et al., 2009). In this master’s thesis, F. japonica and F. x 
bohemica, the species most abundantly present in Slovenia as well as in all Europe, were 
compared. 
 
Knotweeds originally grow in volcanic soil and coal ash. The nitrogen content in this 
substrate is very low, and therefore, knotweeds are particularly suitable for testing the effect 
of nitrogen content on the production of stilbens (resveratrol) and emodin which are used in 
the pharmaceutical and food industry. It has been proven that the majority of secondary 
metabolites are produced in plants that grow in soils with a low nitrogen content. 
Phenylalanine, which is synthesized during photosynthesis, is converted to phenols at low 
values of nitrogen (Bavaresco et al., 2001). If there is a high content of nitrogen, 
phenylalanine is incorporated into proteins (Jones and Hartley, 1999). 
 
The Fallopia species are classified as the most invasive plants in the world. By the rivers of 
Europe and Eastern America, they create dense stands which exclude autochthonous plants 
and negatively affect biodiversity. Their elimination is an extremely difficult and lengthy 
process, especially because of their incredible ability to regenerate efficiently (Frajman, 
2008). Dense stands and large leaves form compact treetops which allow little light to reach 
the ground (Bailey et al., 2009). These plants also contain high concentrations of phenolic 
compounds (resveratrol) in rhizomes, and thus, they can influence the presence of native 
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2.1.1 Japanese knotweed (Fallopia japonica) 
 
Shrubs that grow up to 2-3 meters high start growing in the underground each growing 
season, and in winter, the parts growing above the soil wither away. The leaves are of a broad 
oval shape with a truncate base, 5-15 cm long and up to 10 cm wide. Flowers are small, in a 
cream or white colour, growing in erect racemes. In our country, the Japanese knotweed 
blooms at the end of July. The plant is unisexual, but we can also observe atrophic 
conceptions of the organs of the other sex (e.g. female flowers have stamens). 
 
Plants that were brought to Europe at the beginning of the 19th century were female plants, 
the offspring of which is still present in Europe today. They reproduce very successfully in 
a vegetative way, as their stem nodes are easily rooted and the plant also forms long 
underground rhizomes which can expand greatly. Young plants can sprout from the roots. 
Rivers play an important role in the seed dispersal of the plant F. japonica also reproduces 
in plant populations where both female and male plants are present and form seeds, which 
contribute to its spread. In the area where Japanese knotweed is self-sown, plants with 
hermaphrodite blossoms (pistil and stamens) and also female plants with pistils only exist. 
In those kinds of plant populations, plants can sexually reproduce and form seeds (Forman 
and Kesseli, 2003; Frajman, 2008). 
 
Japanese knotweed inhabits a moderately moist habitat, and can be found most often near 
rivers and streams. It grows well in different types of soil, that is in both acidified as well as 
basic and in slightly salty soils. Although F. japonica prefers sunny places, we can find it 
also in shady places, e.g. under trees (Frajman, 2008). 
 
2.1.2 Bohemian knotweed (Fallopia x bohemica) 
 
Fallopia x bohemica is a result of hybridization that appears when shrubs of Japanese and 
Giant knotweed grow near each other. Similarly, to the Giant knotweed, they have slightly 
heart-shaped leaves without hairs on the leaf’s underside, but are of a medium shape and 
size. Like Japanese knotweed, the hybrid is covered by shorter, seemingly unicellular but 
pointed hairs (Frajman, 2008). This hybrid has been grown in English gardens since the 19th 
century (Bailey and Conolly, 2000). 
 
Important additional characteristics can be identified by examining the leaf’s surface. F. 
japonica has a very smooth surface with cuticle, whereas that of an F. sachalinensis is 
wrinkled. The cuticle of F. x bohemica is of semi wrinkled appearance (Bailey et al., 2009). 
 
Although the hybrid was easily distinguished from its parents, the key differences between 
them were not widely known. This led researchers to suspect that F. x bohemica may be an 
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under-recorded element of the British and Irish flora (Bailey et al., 1996). Field research of 
Strgulc Krajšek and Jogan (2011) has also shown that the assessment of the prevalence of 
Bohemian knotweed in Slovenia is underestimated. The hybrid was very likely repeatedly 
identified as a Japanese knotweed. Therefore, they decided for taxonomic revision of the 
genus Fallopia in Slovenia. 
 
In Europe, among Fallopia species, the hybrid F. x bohemica shows the highest proportion 
of localities along roads and watercourses which are the most frequent habitat for all species 
(Mandák et al., 2004). Mandák et al. (2004) compared the three species in the Czech 
Republic. Their research showed that F. x bohemica is most commonly found along 
watercourses whereas F. japonica was most often found alongside roads and F. 
sachalinensis grew successfully in the gardens and parks where it was planted as an 
ornamental plant. 
 
2.1.3 Knotweeds in diet and medicine 
 
Knotweed is widely used in Asia and North America. Dry leaves are used for smoking 
instead of tobacco in India and South East Asia, while in Japan, knotweed stems are used as 
food. Recently, knotweeds became popular also among culinary chefs worldwide. Alan 
Bergo in his blog Forager Chef (2018) explains how he enjoys experimenting with wild-
harvested food, and posts recipes with knotweeds as ingredients. 
 
On the other hand, Chinese medicine used knotweed rhizomes for reducing fever, blood 
treatments and body detoxification (FDA, 2001). Dried stems are used in alternative 
medicine for the treatment of inflammatory diseases, hepatitis and diarrhoea (Kirino et al., 
2012). Furthermore, in China and Japan, Itadori tea is a traditional herbal medicine used for 
treating heart disease and can serve as a replacement for red wine (Burns et al., 2002).  
 
Since the discovery that F. japonica contains bioactive components, e.g. anthraquinones and 
flavonoids, the plant started to be used in a variety of dietary supplements (Kirino et al., 
2012). There are already a few supplements on the market with a resveratrol content sourced 




Plants are exposed to various environmental factors, such as sunrays which are comprised 
of ultraviolet radiation (UV) and visible light. UV light activates the production of free 
radicals, which possess unpaired electrons. They are usually unstable and highly reactive 
since the unpaired electrons like to form pairs with other electrons. During the four-electron 
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reduction of oxygen in vivo, reactive oxygen metabolites are generated and these are more 
reactive than the original oxygen molecule (Yoshikawa and Naito, 2002). 
 
Free radicals are regularly neutralised by antioxidants naturally present in plants as 
secondary metabolites. Moreover, antioxidants in higher concentrations protect plants 
against viruses, bacteria, herbivores and fungi. When a plant is infected or attacked by a pest, 
the formation of secondary metabolites is induced by the regulation of gene expression 
(Kreft et al., 2000). 
 
In the body, Reactive Oxygen Species (ROS) exist, such as singlet oxygen, hydroxyl radical, 
and peroxides, which play important roles in cell signalling and homeostasis. However, 
during environmental stress, an imbalance between the production of ROS and antioxidant 
defence results in damage of cell structures. Metabolism of ROS can be catalyzed by 
antioxidants, such as phenols, vitamins in fruits and vegetables and also by knotweeds’ 
antioxidants (Yoshikawa and Naito, 2002). 
 
The connection between oxidative stress and illnesses (such as atherosclerosis, 
cardiovascular disease, type II diabetes and cancer) due to the modern-day lifestyle is a very 
well-known fact. Oxidative stress is defined as a state where oxidation overcomes the 
antioxidant system in the body. It does not induce only peroxidation of lipids and 
deoxyribonucleic acid (DNA) damage, but it is also important at physiological adjustment 
and at regulation of intercellular signals (Yoshikawa and Naito, 2002). 
 
In order to cope with an excess of free radicals produced due to oxidative stress, humans 
have developed endogenous and exogenous mechanisms in order to maintain redox 
homeostasis (Xziusen et al., 2007). Therefore, we can classify antioxidants into three groups. 
Enzymatic antioxidants (catalase, superoxide dismutase and peroxidase) and following non-
enzymatic antioxidants that inhibit chain reactions triggered by radicals. Non-enzymatic 
antioxidants can be water-soluble or lipid-soluble molecules that can originate from food 
(e.g., carotenoids, flavonoids and vitamins) (Flora, 2009). The third group of antioxidants 
are endogenous proteins that are as important as they are able to bind reactive metal ions. 
Among these, dietary polyphenols have been largely studied for their strong antioxidant 
capacities (Xziusen et al., 2007).  
 
2.2.1 Phenolic compounds  
 
Phenolic compounds are one of the biggest groups of secondary metabolites in plants 
(Schalbert and Williamson, 2000) and are an essential part of the human diet. They play an 
important role in cancer prevention and have other chemo-preventive properties (Huang and 
Cai, 2009). They possess an aromatic ring and one or more hydroxyl groups, and their 
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structures may range from a simple molecule to a high-molecular weight polymer. 
(Balasundram et al., 2006). Phenols are commonly present in bound forms in plants, and are 
linked to cellular structures as cellulose in the cell wall. Therefore, the human 
gastrointestinal tract has difficulty digesting them and thus, they reach the colon where 
microbiota breaks down cellular structures. Afterwards, phenolic compounds can be released 
and absorbed (Adom and Liu, 2002). 
 
Phenolic compounds can be classified in different ways because they are formed by a large 
number of heterogeneous structures that range from simple molecules to highly polymerized 
compounds. They can be classified by their carbon chain, by distribution in nature and by 
location in a plant (soluble or insoluble) (Reis Giada, 2013). 
 
The main classes of phenolic compounds classified by their carbon chain and with a known 
antioxidant activity are phenolic acids, cumarins, tannins, stilbenes, anthraquinones and 
flavonoids (Reis Giada, 2013). Among these, some of phenolic compounds can be also found 
in Fallopia species. Many studies have already approved that knotweed is a source of 
resveratrol, polydatin, (+)-catechin, (-)-epicatechin, quercetin, epigallocatechin gallate and 
others (Vastano et al., 2000; Vrchotová et al., 2007, Kovářová et al., 2010; Vrchotová et al., 
2010; Kovářová et al., 2011; Kirino et al., 2012; Shen et al., 2013; Frantík et al., 2013). 
 
2.2.1.1 Flavonoids  
 
Among flavonoids, the most important are the flavones, flavonols, flavanones, flavanols, 
anthocyanidins and isoflavones. Flavonoids are among the most potent plant antioxidants. 
Antioxidant activity is related to the presence of hydroxyl groups which give the formed 
radical high stability (Reis Giada, 2013). 
 
Flavanols are one of the flavonoid subclasses and a result of variations in substitution 
patterns to ring C. They have relatively low molecular weight and consist of fifteen carbon 
atoms, arranged in a C6-C3-C6 configuration (Balasundram et al., 2006). There exist 
widespread flavanols such as catechin, epicatehin, epigallocatechin and epicatechin gallate, 
which can be found in many dietary plants and medicinal herbs (tea, apples, berries, etc.), as 




Catechins (trans-flavan-3-ols) are regarded as commercially valuable compounds and are 
targets for metabolic engineering. They are flavonoids of the flavan-3-ol type and are 
synthesized through the flavonoid (FL) pathway (Rani et al., 2012). The cis form of (+)-
catechin is (-)-epicatechin (Figure 1) which occurs especially in woody plants as (+)-catechin 
(Figure 2) and (-)-epicatechin (cis) (PubChem, 2018). In the research of Vrchotová et al. 
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(2010), they detected catechin and epicatechin in the extracts from flowers of all Fallopia 
species. Grzesik et al. (2018) found that (+)-catechin and (-)-epicatechin are the most 




Figure 1: Structural formula of (-)-epicatechin (Huang et al., 2009: 6). 




Figure 2: Structural formula of (+)-catechin (Huang et al., 2009: 6). 




Stilbenes are phenolic compounds formed by two aromatic rings linked by an ethene bridge, 
and are structurally characterized by the presence of a 1,2-diarylethene nucleus with 
hydroxyls substituted on the aromatic rings (Fresco et al., 2006). These compounds consist 
of fourteen carbon atoms arranged in a C6-C2-C6 configuration. A well-known compound of 
stilbenes is trans-resveratrol (Figure 3) produced by taller plants and can be found in the 




Resveratrol (3, 4´, 5-trihydroxy-trans-stilbene) is a natural polyphenol present in various 
fruits and vegetables. It has three hydroxyl groups and two aromatic rings. In plants it 
appears as a cis- and trans-resveratrol (Figure 3). The cis-form is rarely found in plants, but 
it is found in substantial amounts in wines (LeBlanc, 2006). Research showed that trans-
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resveratrol possesses antibacterial, antifungal, antioxidant, anticancer effects; moreover, it 
also slows the activity of α-glucosidase which controls the levels of blood sugar in the body 
and consequently affects the occurrence of diabetes. Its antifungal activity prevents the 
growth of fungi Trichosporon beigelii, Penicilluim expansum, Aspergillus niger and 
Aspergillus carbonarius (Kovářová et al., 2011). The research of Shen et al. (2013) showed 
that Japanese knotweed extract which contained 50% of trans-resveratrol (confirmed by high 
performance liquid chromatography-mass spectrometry analysis) exhibited both a potent 
antioxidant capacity as well as neuroprotective effects. 
 
 
Figure 3: Structural formula of trans - resveratrol (Beňová et al., 2010: 326). 





Recently, it was found that in F. japonica and in grape juice the average concentration of 
polydatin (reservatrol-3-β-mono-D-glucoside, also known as piceid) (Figure 4) is seven 
times that of resveratrol (Ravagnan et al., 2013). This compound is the glycosylated form of 
resveratrol and is much more abundant in nature than resveratrol itself. Polydatin is also 
more resistant to enzymatic oxidation than resveratrol which is water-soluble and penetrates 
the cell passively, whereas polydatin enters the cell via an active mechanism using glucose 
carriers (Romero-Pérez et al., 1999). 
 
 
Figure 4: Structural formula of polydatin (Beňová et al., 2010: 326). 
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As humans we are comprised of many millions of cells and any cell has the potential to 
undergo malignant changes that lead to the development of a carcinoma. Carcinoma is not 
static, as it can spread to other parts of the body. This occurs when the mechanism of normal 
cell control becomes disrupted. Normal eukaryotic cells in our body divide in order to 
produce two identical daughter cells, each containing exact copies of the DNA from the 
parent cell (Gabriel, 2007). This process is called mitosis and is unique to eukaryotic cells. 
The cell goes through several stages, namely interphase, metaphase where chromosomes are 
lining up along the cell centre, anaphase and telophase (Madigan et al., 2015).  
 
Cell proliferation and cell death largely depend on the metabolic activity of the cell. Cell 
cycle proteins have been shown to be regulated by metabolic crosstalk. Dysregulation of this 
cross-talk between the metabolism and the cell cycle leads to degenerative disorders and 
cancer (Roy et al., 2017). 
 
In humans, carcinogenesis is a complex and multi-year process comprised of at least three 
steps: initiation, promotion and progression (Figure 5). Carcinogenesis involves complex 
interactions between environmental and genetic factors. Exposure of normal cells to 
carcinogenic agents (e.g. ultraviolet radiation (UV)) results in genomic DNA damage 
(Weinstein, 1988). Once the DNA is damaged, its fixation undergoes a cycle of DNA 
replication leading to initiation which is irreversible (Maru et al., 2016). 
 
 
Figure 5: Steps of carcinogenesis. Initiation (1) and formation of malignant cell – promotion (2), followed 
growing, genetic changes and formation of genetically different cells in tumor – progression (3, 4). Vascular 
phase (5) (Novaković, 2009: 25). 
Slika 5: Stopnje karcinogeneze: Iniciacija (1) in oblikovanje malignih celic – promocija (2), kateri sledi rast, 
genetske spremembe in oblikovanje različnih celic in tumorjev – progresija (3, 4). Vaskularna faza (5) 
(Novaković, 2009: 25). 
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2.3.1 Establishment of a cell line 
 
Cell culture was developed due to medical research needs (e.g. the production of antiviral 
vaccines and cancer research). There was a widespread concern that the extensive use of 
animals for cosmetics development might not be morally justifiable. However, despite 
ethical issues, operation with tissue culture in vitro has many advantages. Two major 
advantages are control of the physiochemical environment (pH, temperature, osmotic 
pressure, and CO2 and O2 tension) and physiological conditions (Freshney, 2005). 
 
Cell line is a cell culture. Cell culture is one type of three tissue cultures (also organ culture 
and primary explant culture). Cell culture implies that the tissue from the primary explant is 
dispersed into a cell suspension which is cultured as a suspension in the culture medium 
(primary cell culture). From the primary cell culture, we can prepare another suspension of 
cells with the help of a proteolytic enzyme. Cell culture is considered primary in status till 
the first efficient transplantation. After this, it is called secondary cell culture. Primary and 
secondary cell cultures have a limited number of cell divisions. Some cells in culture can 
divide if they attach to the surface of a petri dish (Erdani Kreft et al., 2013). According to 
the way of cell growth in culture we separate adherent cells and cells in suspension. 
Proliferation is often found in these cultures. Suspension cultures can proliferate without 
attachment to the surface. Some cells in the culture can proliferate if they attach to the sticky 
substrate and begin to proliferate until they cover the surface. Afterwards, they form a 
confluent monolayer and stop dividing (Freshney, 2005). 
 
A cell line is formed when the total number of cells increases over several generations 
(passages). Often, the cell does not express the correct in vivo phenotype because the cell 
microenvironment has changed (Freshney, 2005). 
2.3.2 Human cell lines 
 
For our research, we have chosen three cancer cell lines (HeLa, HepG2 and PaTu) and one 
non-cancer cell line HEK 293T as a control cell line. Cell lines were bought from American 
Type Culture Collection (ATCC). 
 
HeLa (human cervival adenocarcinoma derived cell line) (Figure 6) is named after Henrietta 
Lacks who died in 1951 of an aggressive adenocarcinoma of the cervix. Scientists isolated 
the woman’s cervical cells and created a culture. The cells grew robustly and became the 
first human cancer cells immortalized in tissue culture. HeLa cells became the first human 
cell line (Lucey et al., 2009). 
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Figure 6: HeLa cancer cells (ATCC, 2019). 
Slika 6: HeLa rakave celice (ATCC, 2019). 
 
The HepG2 (human liver adenocarcinoma derived cell line) was derived from a liver 
hepatocellular carcinoma of a 15-year-old Caucasian American male. The morphology of 
HepG2 cells is epithelial-like and polygonal in shape. They grow attached to a substrate in 
discrete patches (López-Terrada et. al., 2009). 
 
The PaTu (human pancreatic adenocarcinoma derived cell line) was derived from a 
pancreatic tumour of a 64-year old female patient. The tumour tissue was cut into small 
pieces and covered with Dulbecco’s Modified Eagle’s Medium (DMEM) and cultivated. 
The PaTu 8988t (t for tubular structures of tumours) cell line was designated from the frozen 
pool of cells after storage (Elsässer et al., 1992). 
 
The HEK 293T (human non-cancer epithelial kidney cell line) cell line or Human 
Embryonic Kidney 293 cells were generated in 1973 from a primary embryonic human 
kidney and transformed with sheared human adenovirus type 5 DNA. These cells and its 
derivatives were the most used cells after HeLa (Stepanenko and Dmitrenko, 2015).  
 
2.4 DIABETES AND α-AMYLASE 
 
Diabetes mellitus is a serious chronic endocrine disorder which caused 1.5 million deaths in 
2012. Figure 7 shows the diabetes curve for the Slovenian population from the 1980’s until 
now. The mortality of the population due to diabetes has been on the rise since 1986. The 
number of people in the world with diabetes has quadrupled since 1980 (WHO, 2018). 
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Figure 7: Diabetes curve for Slovenian population mortality (both sexes) in years from 1986 till now (WHO, 
2018). 
Slika 7: Krivulja umrljivosti zaradi diabetesa za slovensko populacijo ljudi (oba spola) od leta 1986 do danes 
(WHO, 2018). 
 
Diabetes occurs when the pancreas does not produce enough insulin (hormone that regulates 
blood glucose) or when the body cannot effectively use the insulin it produces (WHO, 1999). 
There are two types of diabetes (type I and type II). Type I frequently occurs in adolescents 
who have a lower tissue cell responsiveness, while type II is prevalent in elderly people and 
is the consequence of malnutrition and lack of physical activity (Koren, 2010). 
 
Diabetes type II is a largely preventable disease, and therefore, the World Health 
Organization (WHO) (2016) set some guidelines for people to be able to avoid it. The 
organization recommends engaging in physical activity and eating a healthy diet that 
includes sufficient consumption of dietary fibre, and replacing saturated fatty acids with 
polyunsaturated acids. Another important recommendation is reducing the intake of free 
sugars to less than 10% of one’s total daily energy intake (WHO, 2016). In the last decades, 
research of glucosidase inhibitors also led to the production of natural products that serve as 
a source of these compounds (Sales et al., 2017). 
 
Glucosidase inhibitors are currently of interest as they retard the absorption of glucose 
through the inhibition of the carbohydrate hydrolysing enzymes in the digestive tract. 
(Bhutkar and Bhise, 2012). Such an enzyme is the α-amylase that catalyses the hydrolysis 
of α-1,4-glycosidic linkages of starch components in a retaining fashion to produce 
oligosaccharides (Yoshioka et al., 1997). The α-amylase is one of the most important 
secretions of the pancreas, which has three structural domains (Rasouli et al., 2017). 
Inhibitors of these enzymes delay carbohydrate digestion which results in a decrease in 
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2.5 MICROORGANISMS AND THEIR IMPACT ON HUMANS 
 
Microorganisms are ubiquitous living creatures, which present link part of the flow of energy 
and materials through organisms and the physical environment. They are constituent parts 
of food chains, which enable existence of every living form (Adamič et al., 2003). 
 
At the beginning of the twentieth century, infectious diseases were the leading causes of 
deaths caused by bacterial and viral pathogens. Today, they account for relatively few 
deaths, at least in developed countries. Control of infectious diseases has become 
widespread. Many infectious diseases are now controlled, many others can be still a threat 
in developing countries (malaria, tuberculosis, cholera, African sleeping sickness etc.) 
(Madigan et al., 2015). 
 
Human population is dependent on food of vegetable and animal origin. Human’s food is a 
good source of nutrients for heterotroph microorganisms, which almost all inhabits diverse 
microbial community (Adamič et al., 2003). Microorganisms play an important role in food 
industry, including food spoilage, food safety, and production. Food safety is a major 
problem in the food industry (Madigan et al., 2015). Some microorganisms are essential in 
food production e.g. Bacillus megatherium, Saccharomyces cerevisiae, Debaroymces 
hanseii and some can cause serious diseases if we eat them, e.g. pathogen strains of 





Bacteria are unicellular microorganisms (prokaryotes) without a real nucleus, their size 
ranging from about 0.5 µm to 10 µm. Because they are small, they have a higher surface-to-
volume ratio. The higher ratio supports a faster rate of nutrition exchange and faster growth. 
These organisms are very heterogeneous and, in their environment, they spread very quickly 
(Madigan et al., 2015). 
 
Bacteria can be divided into two major groups, Gram-positive and Gram-negative. The 
difference between them is based on the Gram stain reaction. It is an important differential-
staining procedure to increase cell contrast. After staining, Gram-positive bacteria appear 
purple-violet and Gram-negative bacteria appear pink. The reason for such a reaction are the 
differences in the cell wall structure. The Gram-positive cell wall consists of a single 
peptidoglycan layer which is thicker. The peptidoglycan layer can be destroyed by certain 
agents. The Gram-negative cell wall consists of a thin layer of peptidoglycan and is 
composed of the outer or lipopolysaccharide layer as the majority of the wall is. In the LPS 
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layer, there is a lipid portion, called lipid A, which is toxic. Common Gram-negative bacteria 
are human pathogens, such as Salmonella, Shigella and Escherichia (Madigan et al., 2015). 
 
The following are the descriptions of bacteria which have been chosen for our research. 
These microorganisms were selected coincidentally.  
 
Escherichia coli was first described by Theodor Escherich in 1885 (Kaper, 2005). It is one 
of the best characterized model organisms (Tenallion et al., 2010). Species of Escherichia 
inhabit the intestinal tract of humans and other warm-blooded animals where they live in 
symbiosis with their host and play a nutritional role in metabolism by synthesizing vitamins 
and protecting against pathogenic microorganisms (Madigan et al., 2015; Tenallion et al., 
2010). E. coli is a Gram-negative bacterium, a facultative anaerobe and has characteristics 
of both being commensal of vertebrates and a versatile pathogen (Tenallion et al., 2010). 
Infections caused by pathogen strains of E. coli can be associated with the intestinal tract 
and can cause intestinal diseases in humans. Pathogenic E. coli are also important causes of 
urinary tract infections There are at least six well-characterized strains of E. coli that can 
cause diseases in humans (enterotoxigenic, enteropathogenic, enteroinvasive, 
enterohemorragic, enteroaggregative, adherent-invasive) (Kaper, 2005). 
 
Pseudomonas aeruginosa is ubiquitous, found in soil, decaying organic matter, vegetation 
and water, and they are also found throughout hospitals in moist reservoirs and dialysis 
equipment. It is a Gram-negative rod and typically arranged in pairs. It is a member of the 
genus Pseudomonas, which consists of almost 200 species. P. aeruginosa is an opportunistic 
pathogen, which causes infections of hospitalized patients; diseases include infections of the 
respiratory tract, urinary tract, ears and eyes (Murray et al., 2009). 
 
Proteus mirabilis is a member of the Enterobacteriaceae family, is Gram-negative, a 
facultative anaerobic and rod-shaped bacterium. P. mirabilis is the cause for the majority of 
urinary tract infections. P. mirabilis produces large quantities of urease which splits urea 
into carbon dioxide and ammonia raising the pH of urine. This results in the formation of 
kidney stones (Murray et al., 2009). 
 
Proteus vulgaris is a Gram-negative bacillus and an opportunistic pathogen responsible for 
a wide range of infections (Guentzel, 1996). P. vulgaris is the cause for diarrhoeas in 
children, calves and typhoid fever (Herter and Broeck, 1911). 
 
Enterococci are Gram-positive commensals of the gastrointestinal tracts of humans and 
several mammals and birds. They are versatile and do not cause any harm to the host despite 
living in abundance in their intestinal lumen. Enterococcus faecalis presents 80 to 90% of 
isolates. On some occasions, the relationship with the host is disrupted which leads the 
enterococci to cause serious diseases. They have many virulence factors, but they are not as 
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virulent as other Gram-positive organisms. They are known to have further resistance 
mechanisms to multiple antibiotics and can cause a variety of clinical illnesses: endocarditis, 
bacteraemia, meningitis and urinary tract infections (Koch et al., 2004). 
 
Bacillus megatherium is a soil organism found in diverse environments from rice paddies 
to dried food, fish, and bee honey. It is a Gram-positive rod-like bacteria capable of 
sporulation. It has been an important industrial organism, because it produces the enzyme 
penicillin amidase used to make synthetic penicillin and is the aerobic producer of vitamin 
B12 (Vary, 1994). Bacillus megatherium is not a pathogenic organism and can be used widely 




Yeasts are unicellular fungi that reproduce by budding and occasionally by fission. Yeasts 
are not as ubiquitous as bacteria in their natural environment, but they can be isolated from 
soil, water and plants (Walker, 2010). Unlike bacteria, yeasts are eukaryotes and have real 
nucleuses. They are resistant to sunlight and dehydration and widely extended in nature. 
Yeasts can grow in wide pH ranges, at up to 18% of ethanol, some yeasts also in presence 
of 50 – 60% sugar. Some of them can induce food spoilage, e.g. species of the genus 
Candida. 
 
The following are the descriptions of yeasts which have been chosen for our research. These 
microorganisms were selected coincidentally.  
 
Saccharomyces cerevisiae is the most commercially exploited yeast species known as 
baker’s yeast. It belongs to the fungal kingdom Ascomycotina. "Baker’s" or "brewer’s" yeast 
is widely used in the food and pharmaceutical industries (Walker, 2010). S. cerevisiae has 
been characterized as a model organism for the research of the relationship between cell 
adhesion versus substrat and cell versus cell. (Fichtner et al., 2007). The interaction between 
yeast cells and the surface can be the reason for their virulence in the host-pathogen 
relationship (Hamle et al., 2004). This yeast is usually treated as occasionally commensal in 
digestive tract, but from the 1990’s it has been reported to be an etiological agent of invasive 
infections. This kind of infections are called fungemia. The S. cerevisiae subtype bulardii 
fungemia caused infections among intensive care unit roommates of patients. This is 
currently considered to be a consequence of the increased use of antibiotics labelled S. 
boulardii used in several countries as a biotherapeutic agent to prevent diarrhoea (Cassone 
et al., 2003; Bleichner et al., 1997). 
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Saccharomycodes ludwigii is a lemon-shaped yeast, which produces acrospores (Miyakawa 
et al., 2016). This yeast is permanently known to be a worthwhile yeast species for low-
alcohol and alcohol-free production (Francesco et al., 2014). This yeast is unlikely to cause 
human infections, because growth at 37 °C is weak or absent, but is best known as a food 
spoilage yeast in fermented beverages (wines and cider) (Boundy-Mills et al., 2011). 
 
Candida parapsilosis is an opportunistic human pathogen associated with nosocomial 
infections in patients with diminished immunity. It can be part of the normal flora of the 
human skin (Weems, 1992), or it can be isolated from soil, fresh and marine water and 
insects (Carruba et al., 1991). This yeast can cause invasive infections without previous 
colonisation among medical equipment and hand carriage (Trofa et al., 2008).  
 
Infections due to Candida tropicalis have increased on a global scale (Kothavade et al., 
2010). Candidemia is a common cause of nosocomial bloodstream infections, resulting in 
high morbidity and mortality. Teo et al. (2017) showed that C. tropicalis is increasingly 
becoming less susceptible to antibiotics as fluconazole. In addition, further molecular 
investigations are underway to understand its resistance. 
 
Debaryomyces hanseii is a halotolerant yeast with a high biotechnological potential 
particularly in the food industry (Prista et al., 2016). Its contribution into the development 
of a typical dry fermented sausage aroma makes it interesting in production use during 
ripening of sausage (Breuer and Harms, 2006; Prista et al., 2016). It can also produce killer 
toxins which are effective against other yeasts, such as the pathogenic Candida species 
(Prista et al., 2016). Prista et al. (2016) emphasized that knowledge about this yeast is still 
limited and named her a "Cinderella" microorganism. 
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3 MATERIALS AND METHODS 
 
The scope of the work included plant material collection, extract preparation and in vitro 
experiments. In the extracts we quantified antioxidant activity by 2,2-diphenly-1-
picrylhydrazyl (DPPH●) scavenging capacity assay and Total Phenolic Content (TPC) by 
Folin-Ciocalteu (F-C) assay. We identified and quantified selected antioxidant compounds 
by High Pressure Liquid Chromatography coupled with Diode-Array Detector 
(HPLC/DAD) system and we tested the antidiabetic properties of extracts by α-amylase 
assay. Further, we tested the cytotoxicity and Cellular Antioxidant Activity (CAA) of 
extracts on different cell lines as well as antimicrobial activity towards bacteria and yeasts. 
Chemical characterization was performed at Biotechnical Faculty, University of Ljubljana, 
whereas the biological tests were performed at University of Chemistry and Technology, 
Prague. 
 
3.1 PLANT MATERIAL 
 
The rhizomes and flowers of F. japonica and F. x bohemica were collected in September 
2016 at two locations which were determined by Anže Rogelj and his supervisor (ANNEX 
A). Locations were selected according to the records of previous sampling by Rogelj (2015). 
There is no possibility to mistake knotweed species.  
 
The samples were collected from around nine to eleven o’clock in the morning in humid 
weather conditions at around 14 to 20 °C. 
 
3.2 CHEMICALS AND LABORATORY EQUIPMENT 
3.2.1  Antioxidant activity assays and HPLC 
 
- Ethanol, 96%, (Merck, Germany) 
- Methanol, HPLC grade, (Merck, Germany) 
- Methanol, HPLC grade, (Sigma Aldrich, Germany) 
- Liquid nitrogen (N2), (Messer Greisheim, Germany) 
- mili-Q H2O, (Millipore Pack R1, Germany) 
- Distilled water (H2O), (Purelab Classic, 18,2 Möhm × cm) 
- Sodium carbonate (Na2CO3), (Merck, Germany) 
- 2,2-diphenly-1picrylhydrazyl (DPPH●), (Sigma Aldrich, Germany) 
- Trolox (6-Hydroxy-2,5,7,8-tetramethylcroman-2-carboxy acid), (Sigma Aldrich, 
Germany) 
- Folin – Ciocalteau reagent (F-C), (Fluka, Germany) 
- Chlorogenic acid (3-(3,4-Dihydroxyphenyl prop-2-enoyl), (Sigma Aldrich, 
Germany) 
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- DCFH-DA (Dichloro-dihydro-fluorescein diacetate), (Sigma-Aldrich, USA) 
- PBS, (Phosphate Buffered Saline) (1X, pH 7.4) 
- Luteolin, (Sigma-Aldrich, USA) 
- AAPH● (2,2'-Azobis (2 amidinopropane) dihydrochloride), (Sigma-Aldrich, USA)  
- DMSO (dimethylsulfoxide), ( Penta, CZ) 
 
Standards for HPLC analysis: 
- Trans-resveratrol (≥ 99% HPLC), (Fluka analytical) 
- Polydatin (≥ 95%), (Sigma Aldrich, Germany) 
- (+)-Catechin hydrate (≥ 98%), (Sigma Aldrich, Germany) 
- (-)-Epicatechin (≥ 90%) (HPLC), (Sigma Aldrich, Germany) 
 
Laboratory equipment: 
- Lyophilizer, CHRIST Alpha 1-2 LD plus 
- Heated Sonicator Bath, (Julabo SW-21C, Germany) 
- Spectrophotometer Hewlett-Packard, model HP-8453, (USA) 
- Vortex mixer, IKA MS3 basic, (Germany) 
- Magnetic mixer IKA WEREKE RCT basic 
- Centrifuge Rotanta 460 R, Hettich, (Germany) 
- Scale – Exacta 2200 EB, (Železniki, Slovenia) 
- HPLC 1260 Infinity system, (Agilent Technologies, Germany) 
3.2.2 Cytotoxicity and anticancer activity assays 
 
- BAP, (Blood Agar Plates with sheep blood), (Thermo Scientific, USA) 
- D-MEM, (Dulbecco’s Modified Eagle’s Medium), (Sigma-Aldrich, USA) 
- E-MEM, (Minimum Essential Medium Eagle), (Sigma-Aldrich, USA) 
- PBS, (1X, pH 7.4)  
- Trypsin solution, (Sigma-Aldrich, USA) 
- Ethanol (Fluka, USA) 
- Methanol (Fluka, USA) 
- HeLa cell line, (ATCC, USA) 
- PaTu cell line, (ATCC, USA) 
- HEK 293T cell line, (ATCC, USA) 
- HepG2 cell line, (ATCC (American type culture collection), USA) 
- Resazurin sodium salt, (7-Hydroxy-3H-phe-noxazin-3-one10-oxide), (Sigma-
Aldrich, USA) 
3.2.3 Antidiabetic assay by α-amylase activity 
 
- α-amylase from porcine pancreas, (Type VI-B, ≥5 units/mg solid), (Sigma-Aldrich, 
USA)  
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- CNPG3, (≥96.0% (HPLC)), (2-chloro-4-nitrophenly α—maltotrisoide), (Sigma-
Aldrich, USA)  
- PBS, (1X, pH 7.4) 
3.2.4 Antimicrobial activity assay 
 
- Malt Extract Broth, (Sigma Aldrich, Germany) 
- Malt extract Agar, (Sigma Aldrich, Germany) 
- Luria Bertani (LB) broth, (Sigma Aldrich, Germany) 
- Luria Bertani (LB) agar, (Sigma Aldrich, Germany) 
 
Laboratory equipment: 
- Biomek FXP Laboratory Automated Liquid handling Workstation with integrated 
Peltier thermoblocks, Washing station, 96 multichannel head and the Span- 8 pod, 
(Bekman Coulter, USA), (Figure 8A) 
- Wash station MultiFlo, (BioTek, USA) 
- BioTekTM MultiFloTM Microplate Dispenser, (BioTek, USA) 
- Automatic plate CO2 incubator, (Thermo Scientific, USA), (Figure 8B) 
- The SpectraMax MiniMax i3x Multi-Mode microplate reader, (Molecular Devices, 
UK) 
- CO2 incubator, (Thermo Scientific, USA) 
- Petri dishes, (5 cm, WVR) 
- 96 multi- well plate, (WVR) 
- 96 deep multi-well plate, (WVR) 
- Multichannel pipette, (Eppendorf) 





Figure 8: Biomek FXP Laboratory Automated Liquid handling Workstation (A) and automatic plate 
CO2 incubator (B). 
Slika 8: Biomek FXP avtomatska postaja (A) in avtomatski CO2 inkubator (B). 
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3.3 PREPARATION OF DRY EXTRACTS  
 
Fresh rhizomes were cleaned of mud and peeled. The flowers and rhizome peels were frozen 
with liquid nitrogen (N2), which enabled faster homogenization of material. The frozen plant 
material was put into the lyophilizer for 2 days (48 hours) to dehydrate. Lyophilized samples 
were fine ground in a coffee grinder. The freeze-dried samples were kept in closed test tubes 
in the freezer at -20 °C until used.  
 
3.3.1 Extraction of rhizome’s peel 
 
The procedure of extraction went through a few steps, including centrifugation and 
vaporization. We weighed 3.0327 grams of lyophilized F. japonica rhizome’s peel to first 
centrifuge tube and 3.0015 grams of lyophilized F. japonica rhizome’s peel to second 
centrifuge tube and added 18 mL of ethanol to each tube. We mixed them well on vortex 
and put centrifuge tubes in the ultrasonic bath at 23 °C for 30 minutes. After that, we 
centrifuged them for 10 minutes at 22 °C, Relative Centrifugal Force (RCF) = 17290 and –
Radius (RAD) = 117. We decanted the extract from both tubes across the gauze into the 
same measuring cylinder. The volume of ethanol extract obtained from both centrifuge tubes 
was 20 mL. We transferred the extract in a glass flask and wrapped it in aluminium foil. 
 
To the sediment of both tubes, we added another 18 mL of ethanol and repeated the previous 
procedure. The volume of ethanol extract after second stage of extraction from both tubes 
was 35 mL. The extract was mixed with the ethanol extract from the first extraction in the 
glass flask, resulting in 55 mL of ethanol extract. Afterwords, we evaporated solvent ethanol 
on rotavapour R - 210 Büchi Switzerland (T = 40 °C, revolution = 4, Pstart = 131 mbar, Pfinal 
= 85 mbar, Pcont = 23 mbar). 
 
From 55 mL of ethanol extract we obtained 0.82597 g (Table 1) of dry F. japonica rhizome’s 
peel. The efficiency of extraction was 17.91% (1.08127 g/ 6.03415 g). 
 
For extraction of F. x bohemica rhizome’s peel we did the same procedure as for F. japonica 
with the difference that we weighed 3.0225 grams of lyophilized F. x bohemica rhizome’s 
peel in first centrifuge tube and 3.0175 grams of lyophilized F. x bohemica rhizome’s peel 
in second centrifuge tube. The volume of total ethanol extract was 51.5 mL. Afterwords we 
evaporated solvent ethanol on rotavapour R-210 Büchi Switzerland at the same conditions 
as before. From 51.5 mL of ethanol extract we obtained 0.95845 g (Table 1) of dry F. x 
bohemica rhizome’s peel. The efficiency of extraction was 22.19% (1.3997 g/ 6.04 g).  
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3.3.2 Extraction of flowers 
 
The procedure of extraction went through a few steps, including centrifugation and 
vaporization. We weighed 2.0053 grams of lyophilized F. japonica flowers in first centrifuge 
tube and added 24 mL of ethanol. Similarly, to the second centrifuge tube, we weighted 
1.90167 grams of lyophilized F. japonica flowers and added 22 mL of ethanol. We weighed 
lower masses of lyophilised flowers than rhizome’s peel due to smaller amount of sample. 
We mixed well on vortex and put centrifuge tubes in the ultrasonic bath at 23 °C for 30 
minutes. After that we centrifuged for 10 minutes at 22 °C, RCF = 17290 and RAD = 117. 
We decanted the extract from both tubes across the gauze into the same measuring cylinder. 
The volume of ethanol extract obtained from both centrifuge tubes was 28.5 mL. We 
transferred the extract in a glass flask and wrapped it in aluminium foil. 
 
To the sediment of both tubes, we added another 24 mL in the first centrifuge tube and 22 mL 
in the second centrifuge tube repeated the previous procedure. The extract was mixed with 
the ethanol extract from the first extraction in the glass flask, resulting in 74 mL of ethanol 
extract. Afterwards, we evaporated solvent ethanol on rotavapour R -210 Büchi Switzerland 
(T = 40 °C, revolution = 4, Pstart = 131 mbar, Pfinal = 85 mbar, Pcont = 23 mbar). 
 
From 74 mL of ethanol extract we obtained 0.77951 g of dry F. japonica flower extract 
(Table 1). The efficiency of extraction was 24.8% (0.96911 g/ 3.90697 g).  
 
For extraction of F. x bohemica flowers we performed the same procedure as for F. japonica 
with the difference that we weighed 1.50572 grams of lyophilized F. x bohemica flowers 
into the first centrifuge tube and added twice 18 mL of ethanol. To the other centrifuge tube, 
we weighted 1.30572 grams of lyophilized F. x bohemica flowers and added twice 16 mL 
of ethanol. Out of 68 mL added ethanol we obtained 54.5 mL of flowers ethanol extract. 
Afterwords we evaporated solvent ethanol on rotavapour R - 210 Büchi Switzerland at the 
same conditions as before. From 54.5 mL of ethanol extract we obtained 0.56734 g (Table 
1) of dry F. x bohemica flower extract. The efficiency of extraction was 24.99% (0.70244 g/ 
2.81144 g). 
 
All results in this study refer to a gram of the dry rhizome/flower extract. 
 
Table 1: Masses of dry rhizome and flower ethanol extracts after centrifugation and vaporization.  
Preglednica 1: Mase suhih ekstraktov korenik in cvetov po centrifugiranju in evaporizaciji.  
Taxon Tissue mdry extract (g) 
Fallopia japonica rhizome 0.82597  
 flower 0.77951 
Fallopia x bohemica rhizome 0.95845 
 flower 0.56734 
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3.4 PREPARATION OF CONCENTRATED EXTRACTS  
 
To obtain concentrated extracts that were used for chemical characterization, we weighted 
different masses of dry extract (Table 2) and dissolved them in 500 μL of 96% ethanol. 
 
Table 2: Masses of concentrated extracts that were used for chemical characterization. 
Preglednica 2: Mase koncentriranih ekstraktov uporabljenih za kemijsko karakterizacijo. 
Species Tissue mdry extract (mg) Vethanol (µL)   (mg/mL) 
Fallopia japonica rhizome 11.89 500 23.78 
 flower 26.01 500 52.02 
Fallopia x bohemica rhizome 11.85 500 23.70 
 flower 16.35 500 32.70 
 
To obtain concentrated extracts that were used for biological assays, we weighted about 
100 mg of each dry extract and dissolved them in appropriate amount of methanol to obtain 
concentration  = 100 mg/ mL (Table 3). 
 
Table 3: Masses of concentrated extracts that were used for biological assays.  
Preglednica 3: Mase koncentriranih ekstraktov uporabljenih za biološke teste. 
Species Tissue mdry extract (mg) Vmethanol (µL)   (mg/mL) 
Fallopia japonica rhizome 83.60 836 100 
 flower 108.70 1087 100 
Fallopia x bohemica rhizome 93.40 934 100 
 flower 120.80 1208 100 
 
3.5 ANTIOXIDANT ACTIVITY ASSAYS  
 
In nutraceutical investigations, in vitro antioxidant activity assessment methods are often 
used to screen and confer antioxidant potential of plant extracts. There are several assays 
used to measure and confer antioxidant activity of plants. Based on the inactivation 
mechanism, antioxidant activity assessment methods are classified into hydrogen transfer 
and electron transfer reaction-based methods. The first group-based method measures the 
ability of an antioxidant to transfer one electron to reduce any compound. The second group-
based assays measure the ability of an antioxidant to scavenge free radicals, this includes the 
Folin-Ciocaleteau (F-C) method. Some methods, such as 2,2-Diphenyl-1-Picrylhydrazyl 
(DPPH●) and 2, 2'-Azino-Bis-3-Ethylbenzothiazoline-6-Sulfonic Acid (ABTS●) assays 
involve both mechanisms (Kasote et al., 2015).  
 
Despite a wide range of chemical methods, none of them includes the bioavailability, uptake 
and metabolism of antioxidant compounds. The best measurements come from animal 
models and human studies, but these are expensive and waste too much time. Therefore, 
Wolfe and Liu (2007) developed a quantifiable Cellular Antioxidant Activity (CAA) assay 
which is relatively fast and cost-effective. They believed that this model better represents 
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the complexity of biological systems and thus, it became an important tool for screening 
foods, phytochemicals and dietary supplements for potential biological activity. 
 
3.5.1 Total phenolic compounds by Folin-Ciocaleteau method 
3.5.1.1 Principle of the method 
 
The Folin-Ciocalteu (F-C) method is the simplest way to measure Total Phenolic Content 
(TPC) in products. It is based on the oxidation-reduction reaction where phenolic groups are 
oxidised with F-C reagent in blue coloured compounds and the metal ion is reduced. 
Absorbance is measured spectrophotometrically at 746 nm and is proportional to the number 
of phenolic compounds in a sample (Agbor et al., 2014). 
 
3.5.1.2 The course of the laboratory work 
 
Preparation of reagents: 
 
Folin-Ciocaleteau reagent: we prepared 3 mL of F-C reagent with distilled water in volume 
ratio 1:2 (1 mL F-C reagent and 2 mL of water). 
 
0.88 mM chlorogenic acid: 7.8 mg of chlorogenic acid powder was dissolved in 25 mL bowl 
flask with 2% acetic acid. 
 
2% solution of sodium carbonate (Na2CO3): 2 g of Na2CO3 was dissolved in 98 mL of 
distilled water.  
 
2% acetic acid: 2 g of acetic acid was mixed with 98 mL of water. 
 
Calibration curve  
 
We pipetted from 25 to 175 µL of 0.88 mM chlorogenic acid, which served us as a reference 
substance solution. To each tube, the 2% acetic acid solution was added and mixed well in 
order to reach the final volume 725 µL, followed by the addition of 125 µL of the F-C reagent 
diluted with distilled water (1:2, v/v), and exactly after 5 minutes also 125 µL of 2% solution 
of Na2CO3. We mixed the solutions well and incubated them for 1 hour at room temperature 
in the dark. Afterwards, we transferred the solutions into 1.5 mL polystyrene cuvettes and 
measured absorbance at 746 nm. At the same time, we also prepared a blank sample to which 
we added 725 µL of 2% acetic acid and followed the procedure described above. The 
experiment has been performed in replica and calibration curve was plotted (ANNEX C).  
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Concentrated extracts prepared for chemical characterization (Table 2) were diluted 10-
times by pipetting 10 µL of concentrated extract and added 90 µL of ethanol. To perform 
analysis, we pipetted 20 µL of F. japonica and F. x bohemica diluted rhizome extracts, 25 
µL of F. japonica diluted flower extract and 10 µL of F. x bohemica diluted flower extract. 
To each test tube, we added a 2% acetic acid solution to reach the final volume of 725 µL 
and mixed well. The samples were treated same way as the standard solutions of chlorogenic 
acid, used to obtain calibration curve. 
 
With the equation of calibration curve (A746 = 3.6808 × c) and using the appropriate dilution 
factors we calculated concentration of phenolic compounds in reaction mixture expressed as 
equivalent of chlorogenic acid (mmol/L). 
 





× 1000          … (1) 
 
TPC = total phenolic compounds in dry extract, expressed as chlorogenic acid equivalent 
[mmol/g] 
c = concentration of phenolic compounds in reaction mixture in the main extract [mmol/L] 
m = mass of a dry extract [g] 
0.0005 = volume of ethanol where dry extracts were dissolved [L] 
 
3.5.2 DPPH● scavenging capacity assay 
3.5.2.1 Principle of the method 
 
DPPH● assay is the simplest and a rapid method for determining the antioxidant activity in 
various samples. The extract is mixed with the DPPH● solution and absorbance is recorded 
after a defined period of time. The principle of the assay is based on the measurement of the 
scavenging capacity of antioxidants towards it. When mixing the DPPH● solution with 
extract, the odd electron of the nitrogen atom in DPPH● is reduced by receiving a hydrogen 
atom from antioxidants resulting in fading of violet colour. Essentially, lower absorbance 
indicates a higher concentration of antioxidants in the sample (Kedare and Singh, 2011). 
 
3.5.2.2 The course of the laboratory work 
 
Preparation of reagents: 
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0.11 mM DPPH●: 3.01 mg of radical was dissolved in 72 mL of methanol and mixed on a 
magnetic stirrer for 20 minutes. The solution was protected against light with aluminium foil 
and was prepared fresh each day, because this radical is very unstable. 
 
1.13 mM trolox: 2.82 mg of trolox was dissolved in 10 mL of 2% acetic acid. The solution 
was kept in the fridge (5 °C) until used. 
 
2% acetic acid: 2 g of acetic acid was mixed with 98 mL of distilled water. 
 
Calibration curve  
 
We pipetted from 5 to 50 µL of 1.13 mM trolox, which served as a reference substance 
solution. To each tube, the 2% acetic acid was added and mixed well in order to reach volume 
50 µL, followed by the addition of 1 mL of DPPH● solution. We mixed the solutions well 
and incubated them for 1 hour at room temperature in the dark. Afterwards, we transferred 
the solutions into 1.5 mL polystyrene cuvettes and measured absorbance at 517 nm. At the 
same time, we also prepared a blank sample to which we added 50 µL of 2% acetic acid and 
followed the procedure described above. The experiment has been performed in replica and 




Concentrated extracts prepared for chemical characterization (Table 2) were diluted 10-
times by pipetting 10 µL of concentrated extract and added 90 µL of ethanol. To perform 
analysis, we pipetted 5 µL of each diluted extract. To each test tube, we added a 2% acetic 
acid solution to reach the final volume of 50 µL and mixed well. The samples were treated 
same way as the standard solutions of trolox, used to obtain calibration curve.   
 
With the equation of calibration curve (Ablank–A517 = 0.9314 × c) and using the appropriate 
dilution factors we calculated concentration of phenolic compounds in reaction mixture 
expressed as trolox equivalent antioxidant capacity (TEAC) (mmol/g). 
 





× 1000         … (2) 
 
 
TEAC = trolox equivalent antioxidant capacity [mmol/g] 
c = concentration of phenolic compounds in reaction mixture in the main extract [mmol] 
m = mass of a dry extract [g] 
0.0005 = volume of ethanol where dry extracts were dissolved [L] 
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3.5.3 Cellular antioxidant activity assay  
3.5.3.1 Principle of the method 
 
 
Figure 9: Principle of the cellular antioxidant activity (CAA) assay (Kellett et al., 2018: 360).  
Slika 9: Princip testa antioksidativne celične aktivnosti (CAA) (Kellett in sod., 2018: 360). 
 
The principle of CAA (Figure 9) assay is based on cells which are pre-treated with 
antioxidant compounds or fruit/vegetable extracts and dichloro-dihydro-fluorescein 
diacetate (DCFH-DA). Antioxidants pass through the membrane to enter the cell and DCFH-
DA diffuses into the cell (1) where cellular esterase cleaves diacetate moiety to form polar 
dichlorofluorescein (DCFH). Cells are also treated with 2,2'-azo-bis-amidinopropane 
(AAPH●) (on the picture ABAP●) which is able to diffuse into cells (2) and spontaneously 
decomposes to form alkyl peroxy radicals. These radicals attack the cell membrane to 
produce more radicals and oxidize the intercellular DCFH to the fluorescent 2',7'-
dichlorodihydrofluorescein (DCF). At this stage, antioxidants prevent oxidation of 
membrane lipids (lipid peroxidation) (3); react with alkyl peroxy radicals to stop propagation 
of other radicals (4); inhibit intercellular redox pathways that can oxidize DCFH to DCF (5) 
(Wolfe and Liu, 2007). 
 
3.5.3.2 The course of the laboratory work 
 
Preparation of reagents: 
 
PBS (1X, pH 7.4): for 1 L of PBS solution we prepared 800 mL of distilled water in suitable 
container, added 8 g of NaCl, 200 mg of KCl, 1.44 g of Na2HPO4 and 240 mg of KH2PO4. 
We adjusted pH to desired value (7.4) and added distilled water until 1 L.  
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0.125 mg/mL DCFH-DA: 1 mg was dissolved in 50 µL of dimethylsulfoxide (DMSO) and 
transferred to 15 mL falcon tube where 10 mL of Phosphate Buffered Saline (PBS) was 
added. We used a little amount of DMSO, because DCFH-DA dye is not soluble in PBS. 
 




We prepared diluted extracts with concentration of 0.001 mg/mL from stock solutions of 
100 mg/mL. We chose the HepG2 (liver cancer) cell line, because we knew that our samples 
had strong toxic effect on them according to our resazurin-based viability assay. 
 
This assay was realized in 96-well plate. HepG2 cell line were seeded at the density of 5 × 
104 per well in 100 µl of Eagle's Minimal Essential Medium (E-MEM) supplemented with 
10% fetal bovine solution, 2 mM L-glutamine and antibiotic antimycotic solution. After 24 
h the growth medium was removed and the wells were washed by PBS. The samples were 
treated in five columns with 95 µl of 0.125 mg/mL DCFH-DA and with 5 µl of extracts at 
concentration 0.001 mg/mL. After 1 h of incubation at 37 °C, 5% CO2, the medium was 
removed and rinsed by PBS and finally 100 µl of AAPH● (0.164 mg/mL in PBS) was added 
to each well (except in blank wells). Immediately, the fluorescence (ex./em. 485/540 nm) 
was recorded in 5 min intervals for 1 h.  
 
As the positive control, luteolin was used. We chose luteolin as a standard, because on the 
basis of previous studies (Wolfe and Liu, 2007), it showed the highest antioxidant activities 
among pure phytochemicals examined in the CAA study. This flavonoid is very likely well-
absorbed by HepG2 cells. And as the negative control, served the cells in PBS (without 
AAPH● addition and with AAPH● addition). 
 
The CAA in diluted extracts was calculated by the equation:  
 
𝐶𝐴𝐴 (%) =  100 − (100 ×
(𝐴𝑠𝑎𝑚𝑝𝑙𝑒 − 𝐴𝑏𝑙𝑎𝑛𝑘 1)
(𝐴𝑏𝑙𝑎𝑛𝑘 2 − 𝐴𝑏𝑙𝑎𝑛𝑘 1)
)        … (3) 
 
CAA = cellular antioxidant activity of the sample in % 
Asample = absorbance of a sample 
Ablank1 = absorbance of the first blank sample – without AAPH● 
Ablank2 = absorbance of the second blank sample – with AAPH● 
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3.6 QUANTIFICATION OF PHENOLIC COMPOUNDS WITH HPLC/DAD 
3.6.1 Description and principle of the method 
 
High Performance Liquid Chromatogaphy with Diode-Array Detector (HPLC/DAD) is 
column chromatography where very small particles (from 0.5 to 10 µm) are used for the 
stationary phase. If we want to achieve solvent flow through such a column from 0.5 to 
5 mL/min, the mobile phase should be pushed through the column with a high-pressure 
pump. HPLC/DAD is fast and has good resolution. At high-pressure chromatography, the 
solution of the substances is injected into a chromatography column with different fillers. A 
solvent (mobile phase) is operated through the column, which does not react with a filler 
(stationary phase). The solvent transfers the mixture of substances through the column 
(Brodnjak Vončina, 2006). 
 
As phenolic compounds are a class of highly complex naturally occurring molecules that 
possess a range of beneficial properties, HPLC/DAD is the most widely used separation 
technique for these purposes. For the analysis of phenolic compounds in food samples, the 
most widely used analytical column is the C18 based on the reversed-phase mode. The 
phenolic compounds are eluted according to their polarity and molecular size. The C18 
stationary phase is hydrophobic, which means that more polar molecules will first be 
excluded, while the more non-polar ones will have a longer retention time, as they have a 
greater affinity for the column. For the separation of phenolic compounds by HPLC/DAD, 
the gradient elution system with the mobile phase is often used. The mobile phase consists 
of various solvents, usually a combination of water, buffers and organic solvents, among 
which methanol and acetonitrile are dominant. For detection a diode detector or a mass 
spectrophotometer can be used (Pyrzynska and Sentkowska, 2015). 
 
To identify the compounds in samples, we prepare a solution of the standard compound we 
want to determine. The compounds are identified by means of overlapping peaks or retention 
times, and the identification is confirmed by comparison of the spectra, since under certain 
conditions, several compounds may have a similar retention time and a chromatographic co-
elution state occurs. The purity of the eluted substance can be estimated using a computer 
program, e.g. ChemStation. The quantification of the compounds is a process whereby the 
number of compounds is evaluated by means of an integrated surface below the 
chromatographic top of the compound, which is disproportionate to the concentration of the 
standard compound. Quantification is provided by the ChemStation software that integrates 
a chromatographic peak to the signal detected by a detector that responds to the concentration 
of each compound passing through the column (Korenčan, 2018). 
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3.6.2 The course of laboratory work 
 
For the quantification of phenolic compounds in knotweed extracts we used the HPLC/DAD 
system Agilent 1260 Infinity which consists of binary pump G1312B (Agilent 1260), 
vacuum degasser G1322A (Agilent 1260), thermostated autosampler G1367E (Agilent 1260 
HiPALS), thermostat for the column G1316A (Agilent 1260 TCC) and diode array and 
multiple wavelength detector (Agilent 1260 DAD). 
 
Because we were identifying many compounds at the same time, we used reversed-phase 
HPLC. For analysis we have chosen the Agilent ZORBAX Eclipse Plus Column C18 with 
an inner diameter of 4.6 mm, a length of 150 mm and particle size of 3.5 µm. The column 
was connected to a precolumn ZORBAX Eclipse XBD-C18 (4.6 mm ×12 mm, particle size 
5 µm). 
 
The separation of compounds in extracts was performed with gradient elution, when mobile 
phase content changes during elution. This type of method is used with samples separating 
fractions of different polarities. The mobile phase consisted of solvent A (1% HCOOH) and 
solvent B (100% methanol). The chromatographic method started with initial mobile phase 
containing 10% solvent B. Gradient elution method is shown in Table 4. 
 
Table 4: Gradient course of elution (Korenčan, 2018: 21). 
Preglednica 2: Gradientni potek elucije (Korenčan, 2018: 21). 
t (min) % A % B 
0 90 10 
2 90 10 
17 70 30 
40 50 50 
50 40 60 
60 20 80 
61 0 100 
65 0 100 
66 90 10 
70 90 10 
 
According to the previous research made by Martina Korenčna (2018), who identified the 
presence/ absence of individual phenolic compounds in the extracts, we quantified following 
compounds by using the equations of calibration curves: 
• trans-resveratrol 
• polydatin 
• (+)-catechin  
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3.6.2.1 Calibration curve for trans-resveratrol 
 
The calibration curve was prepared from a 0.1 mg/mL ethanol stock solution of resveratrol. 
We prepared dilutions by the mobile phase (methanol + 1% HCOOH) ranging from 0.5 to 
15 µg/mL, so that the total volume in the vial was 1 mL. For each concentration, the standard 
was injected twice and the average value of the surfaces of the chromatographic peaks of 
both repetitions for the preparation of the calibration curve was calculated (ANNEX E). 
3.6.2.2 Calibration curve for polydatin 
 
The calibration curve was prepared from a 1 mg/mL ethanol stock solution of polydatin. We 
prepared dilutions by the mobile phase (methanol + 1% HCOOH) ranging from 5 to 
500 µg/mL, so that the total volume in the vial was 1 mL. For each concentration, the 
standard was injected twice and the average value of the surfaces of the chromatographic 
peaks of both repetitions for the preparation of the calibration curve was calculated (ANNEX 
F). 
3.6.2.3 Calibration curve for (+)-catechin 
 
The calibration curve was prepared from a 1 mg/mL ethanol stock solution of catechin. We 
prepared dilutions by the mobile phase (methanol + 1% HCOOH) ranging from 5 to 
500 µg/mL, so that the total volume in the vial was 1 mL. For each concentration, the 
standard was injected twice and the average value of the surfaces of the chromatographic 
peaks of both repetitions for the preparation of the calibration curve was calculated (ANNEX 
G). 
3.6.2.4 Calibration curve for (-)-epicatechin 
 
The calibration curve was prepared from a 1 mg/mL ethanol stock solution of epicatechin. 
We prepared dilutions by the mobile phase (methanol + 1% HCOOH) ranging from 25 to 
200 µg/mL, so that the total volume in the vial was 1 mL. For each concentration, the 
standard was injected twice and the average value of the surfaces of the chromatographic 
peaks of both repetitions for the preparation of the calibration curve was calculated (ANNEX 
H). 
3.6.2.5 Sample analysis 
 
The flow of the mobile phase through the column was adjusted to 0.5 mL/min, the volume 
of injection was 10 μL. Samples that were 10-times diluted, were injected once. Resveratrol, 
polydatin, epicatechin and catechin were determined qualitatively by comparing the 
retention times of the relevant standards and comparing the spectrum of the chromatographic 
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peaks at 280 and 306 nm. The compounds were quantified using the equations of calibration 
curves. For each standard, a calibration curve was prepared in a certain reasonable 
concentration range, and with equations, the concentration of the compounds in the extract 
was calculated. 
 
For the analysis of chromatograms, the HPLC 2D ChemStation (G2175BA revision B.04.03 
Agilent Technologies) was used. 
 
Concentrations of compounds were calculated by using the equation: 
 
𝑤 =  
(  × 0.5)
𝑚 
            … (4) 
 
w = mass fraction of the compound in a dry extract [mg/g]  
 = mass concentration of compound in reaction mixture [µg/mL] 
m = mass of a dry extract[g] 
0.5 = volume of ethanol where dry extracts were dissolved [mL] 
 
3.7 CYTOTOXICITY AND ANTICANCER ACTIVITY 
 
Cytotoxicity means testing the effects of compounds on the viability of cells grown in a 
culture by determining the number of viable cells remaining after an incubation period (Riss 
et al., 2011). 
 
Before pharmaceuticals, food additives or cosmetics are released to the public, they undergo 
many cytotoxicity tests. Because toxicity is a complex event in vivo, most assays determine 
its effects at the cellular level; this quality of toxicity is referred to as cytotoxicity (Freshney, 
2005). 
 
3.7.1 Haemolytic activity 
3.7.1.1 Description and principle of the method 
 
If rhizome and flower extracts of F. japonica and F. x bohemica are to be applied in practice, 
its toxicity will have to be excluded, toxicity and a negative impact are not expected. In our 
body, we have different types of cells. The cells which deliver oxygen to the body’s tissues 
via the flow of blood through the circulatory system are called Red Blood Cells (RBCs) or 
erythrocytes. They capture oxygen in the lungs and release it to the peripheral tissues while 
squeezing through the body’s capillaries. Therefore, they play an important part in the body’s 
normal functioning (Lippi et al., 2012). Membranes of RBCs contain lipids rich in 
unsaturated fatty acids and are more frequently exposed to oxygen than other body tissues; 
therefore, they are more susceptible to oxidative damage (Asgary et al., 2005). A variety of 
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conditions and disorders lead to a pathological process characterized by the breakdown of 
RBCs, which results in the release of haemoglobin and other intracellular components into 
the surrounding fluid; this is called haemolysis (Lippi et al., 2012).  
 
This test is basically prepared for bacteria to test their toxicity. During the growth of the 
bacterial colonies, haemolysin (enzyme) is released which leads to the lyses of the 
surrounding red blood cells, releasing haemoglobin and creating a clear area which is called 
a zone of haemolysis around the growing colonies (Madigan et al., 2015). 
 
In our study, pathogens to red RBCs were extracts of F. japonica and F. x bohemica. We did 
a fast screening test before further cell-based assays to see whether our samples were toxic 
to RBCs. If extracts destroyed normal blood cells, the samples would not be useful as 
pharmaceuticals.  
 
3.7.1.2 The course of laboratory work 
 
Before biological assays we sterilized all four extracts through the fibre filters with 0.2 μm, 
in order to eliminate the possible effect of microorganisms in our samples. 
 
We bought BAP (agar plate with sheep blood containing 5% sterile blood), and used sterile 
discs with a 10 µL absorption of each extract with a concentration of 100 mg/mL and 
incubated agar plates for 72 hours at 37 °C. 
 
3.7.2 Resazurin-based viability assay 
3.7.2.1 Description and principle of the method 
 
There are many methods for assessing cell viability, which are usually based on measuring 
an indicator of metabolic activity (Riss et al., 2011). The 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) tetrazolium assay was the first method for screening 
large numbers of samples which measures only viable cells (Mosmann, 1983). We used the 
resazurin-based method. The detection of adenosine triphosphate (ATP) has become a gold 
standard for high-throughput screening. This method is the most sensitive and the fastest 
method for plate-based cell viability assay so far (Riss et al., 2011).  
 
Resazurin-based assay is presented for screening of anticancer activity and cytotoxicity and 
gives us an immediate response (McMillian et al., 2002). It is reductase-based assay where 
blue dye resazurin can be irreversibly reduced to a pink and highly red fluorescent resorufin 
by oxidoreductase within viable, healthy cells (Figure 10) (Huey Teh et al., 2017). Product 
resorufin is proportional to the number of viable cells (Riss et al., 2011) and can be detected 
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colorimetrically and fluorometrically with a 560 nm excitation/590 nm emission filter set. 
(McMillian et al., 2002). 
 
Figure 10: Mechanism of reduction resazurin to resorufin (Czekanska, 2011: 28).  
Slika 10: Mehanizem redukcije resazurina v resorufin (Czekanska, 2011: 28). 
 
The advantages of resazurin-based assays are its sensitivity, and the fact that it is easy to use, 
is inexpensive and requires a minimal amount of crude extract. It is also relatively insensitive 
to interference from drugs (McMillian et al., 2002). On the other hand, there is a possibility 
of fluorescent interference from compounds being tested and direct toxic effect on the cells. 
In addition, the problem is also the requirement to incubate the substrate with viable cells at 
37 °C for an adequate period of time to generate a signal (Terry et al., 2016). 
 
3.7.2.2 Preparation of reagents 
 
PBS (1X, pH 7.4): for 1 L of PBS solution we prepared 800 mL of distilled water in suitable 
container, added 8g of NaCl, 200 mg of KCl, 1.44 g of Na2HPO4 and 240 mg of KH2PO4. 
We adjusted solution to desired pH (7.4) and added distilled water until volume was 1 L. 
 
0.03 mg/mL resazurin: we weighed 2 mg of resazurin in epic tube and dissolved it in 75 mL 
of PBS.  
 
3.7.2.3 Tissue cell preparation  
 
In order to begin our assay, we had to prepare tissue cells (HeLa, HepG2, PaTu, HEK 293T) 
by passaging or splitting to get the desired number of cells in the medium. Everything was 
done by sterile technique using 70% ethanol. Everything in the flow hood was pre-sterilized 
with ethanol. All reagents were pre-warmed at 37 °C in a water bath for 30 minutes. We took 
petri dishes with tissue cell cultures from the 5% CO2 incubator and looked at the cells under 
the microscope to ensure they were healthy and growing as expected. Cells were 
proliferating and were attached to the surface. We wanted to obtain approximately 70% of 
confluent monolayer (where almost the entirety of the surface is covered with cells). 
 
3.7.2.3.1 Splitting protocol 
 
The old medium was aspirated from the petri dishes and rinsed with 10 mL of PBS (1X, pH 
7.4). We aspirated the PBS off, added 2 mL of trypsin solution and incubated trypsinized 
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cell mixture for 5 minutes in the CO2 incubator (37 °C, 5% CO2, 76% RH (relative 
humidity)). Meanwhile, we prepared new petri dishes, wrote the name of cell lines and 
consecutive number of the passages. Then we added 8 mL of fresh media (for PaTu we used 
Dulbeco’s D-MEM and for HeLa, HepG2, HEK 293T we used Eagle’s E-MEM). After 5 
minutes, we took the petri dishes from the CO2 incubator and examined cells under the 
microscope.  
 
Fully trypsinized cells should appear rounded up and no longer attached to the surface of the 
dish. If they are still attached, we incubate them for one to two minutes longer. This process 
is called trypsinization. Trypsin is an enzyme which cleaves peptide bonds and has been 
widely used for subcultivation to detach cells from surfaces (Cruz et al., 1997). 
 
Then we added 8 mL of the fresh medium to petri dishes from the incubator (medium 
contains trypsin inhibitors) and 10-times suspended cells in the medium; this was our stock 
solution. 2 mL of stock solution were transferred to the new petri dish with 8 mL in order to 
make a 10 mL stock solution. Petri dishes were mixed 6-times in each way (up and down 
direction) and put in the incubator until the next passage. For our assay we used cells of the 
5th – 30th passage. After work, we cleaned the pump tube and cleaned the flow hood surface 
with ethanol to prevent contamination. We destroyed the old cell culture. 
 
3.7.2.4 The course of the laboratory work 
 
For liquid handling, pipetting, dispensing and integration, we used the efficient Biomek FXP 
Laboratory Automated Liquid handling Workstation (Beckman coulter PN 987834) (Figure 
11), which consists of an 8 multichannel head (Span-8 pod), a 96-multichannel head robotic 
arm (Scara), and a Gripper. It also has integrated automated labware positioners (removable 
interchangeable platform) and an additional automatic plate incubator for cultivation of cells 
(Beckman Coulter, 2010). 
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Figure 11: Biomek FXP Laboratory Automated Liquid handling Workstation and its components (Beckman 
Coulter, 2010: 3). 
Slika 11: Biomek FXP avtomatska postaja in njene komponente (Beckman Coulter, 2010: 3). 
 
Preparation of the cells 
 
For our assay, we prepared 4 96-well plates with 80 µL (medium and cell mixture, 
approximately 1×105 cells/mL) in each well.  
 
At the same time, we also prepared one blank and positive controls. In one row we added 
only 100 µL of resazurin (blank sample). We left two rows on each plate for 80 µL of 
medium and 20 µL of methanol (positive controls). 
 
Afterwards, we incubated cells for 24 hours in the CO2 incubator under the following 
conditions: 37 °C, 5% CO2, 76% RH.  
 
Preparation of extracts 
 
Extracts were prepared and diluted in 2 mL 96-well deep well block. In rows 10 and 11, we 
added 100 µL of methanol (positive controls), and did the same in rows from 2F to 9F. In 
row G, we pipetted 100 µL of each concentrated extract in replica with the starting 
concentration of 1 mg/mL. In row F, the methanol and sample were mixed together and we 
obtained 200 µL of the mixture, this volume was diluted along the alphabetical row from G 
to B manually with a multichannel pipette. Concentrations of samples were gradually 
decreasing: 1 mg/mL, 0.5 mg/mL, 0.25 mg/mL, 0.125 mg/mL, and 0.0625 mg/mL. 
 
Bergant T. In vitro characterization of bioactivities of rhizome and flower extracts of Japanese (F. japonica) … knotweed. 
  M.Sc. Thesis (Du2). Ljubljana, University of Ljubljana, Biotechnical faculty, Department of Food Science and Technology, 2019 
37 
3.7.2.5 Method procedure 
 
After preparing extracts, we continued with the transmission to plates with chosen cell lines. 
The transmission was by the Biomek FXP Laboratory Automated Liquid handling 
Workstation. Workstation aspirated 20 µL from 96-well deep well block and dispensed it to 
plate with 80 µL of the medium (Figure 12). We obtained 100 µL of the mixture with cells 
and samples and incubated 4 96-well plates in the CO2 incubator (37 °C, 5% CO2, 76% RH) 
for 48 hours.  
 
Figure 12: Procedure of automated transmission from deep well block to 96-well plate with cell lines. Deep 
96-well block with 20 µL of sample with starting concentration y = 1 mg/mL, in order: G2 (sample 1), G3 
(sample 2), G4 (sample 3), G5 (sample 4), G6-G9 (replicas). 
Slika 12: Postopek avtomatskega prenosa iz globoke mikrotitrske ploščice v 96-mikrotitrsko ploščico s 
celičnimi linijami. Globoka 96-mikrotitrska ploščica z 20 µL vzorca in začetno koncentracijo y = 1 mg/mL, v 
zaporedju: G2 (vzorec 1), G3 (vzorec 2), G4 (vzorec 3), G5 (vzorec 4), G6-G9 (ponovitve). 
 
After incubation, we aspirated the medium, washed cells with buffer and aspirated buffer. 
Then, we added 100 µl of resazurin solution (0.03 mg/mL) to each well and also to the first 
column (blank control). We incubated for 3 hours at 37 °C, 5% CO2, 76% RH and after that, 
the fluorescence values were recorded at 560/590 nm (ex./em.). 
 
Cell viability was calculated according to the following formula: 
 
𝐶𝑒𝑙𝑙 𝑣𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (%) =  
(𝐴𝑠𝑎𝑚𝑝𝑙𝑒 – 𝐴𝑏𝑙𝑎𝑛𝑘)
(𝐴 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 – 𝐴𝑏𝑙𝑎𝑛𝑘)
 × 100%        … (5) 
 
Asample = absorbance of a sample 
Ablank = absorbance of a blank sample - (only resazurin) 
A control = absorbance of a positive control - (80 µL of medium + 20 µL of methanol) 
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3.8 ANTIDIABETIC ASSAY BY α-AMYLASE ACTIVITY 
3.8.1 Principle of the method 
 
The enzyme α-amylase hydrolyzes 2-chloro-p-nitrophenyl-α-D-maltotrioside (CNPG3) to 
release 2-chloro-nitrophenol and form 2-chloro-p-nitrophenyl-α-D-maltoside (CNPG2), 
maltotriose (G3) and glucose (G). The rate of increase in absorbance is measured at 400 nm 
and is proportional to the α-amylase activity in the sample (Pointe Scientific, Inc., 2019). 




→         9 CNP +  CNPG2 +  9 G3 +  G        … (6)
 
 
3.8.2 The course of the laboratory work 
 
Preparation of reagents: 
 
PBS (1X, pH 7.4): For 1 L of PBS solution we prepared 800 mL of distilled water in suitable 
container, added 8g of NaCl, 200 mg of KCl, 1.44 g of Na2HPO4 and 240 mg of KH2PO4. 
We adjusted solution to desired pH (7.4) and added distilled water until volume was 1 L. 
 
0.8 mg/mL α-amylase: we dissolved 8 mg of α-amylase in 10 mL of 1X PBS. 
 




We prepared the concentrated extracts in methanol with concentration 1 mg/mL and diluted 
them from 10 to 104-times with methanol. Then we prepared a 96-well plate and reagents. 
We pipetted 60 µL of PBS (1X, pH 7.4) and 10 µL of the α-amylase with a concentration of 
0.8 mg/mL and 20 µL of the sample (samples were prepared in 2 repetitions). We incubated 
them at room temperature (20 °C for 10 min). Afterwards, we added 10 µL of substrate 2-
chloro-4-nitrophenol-α-D-maltotrisoide (CNPG3) with the concentration 6.6 mg/mL and we 
measured kinetics in 1 min intervals for total duration of 10 min at 400 nm.  
 
We also prepared positive and negative control. Positive control included 70 µL of PBS, 10 
µL of substrate and 20 µL of methanol. Negative control included 70 µL of PBS, 10 µL of 
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Enzyme activity was calculated according to the following formula: 
 
𝛼 − 𝑎𝑚𝑦𝑙𝑎𝑠𝑒 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (%) =  
(𝐴𝑠𝑎𝑚𝑝𝑙𝑒 − 𝐴𝑏𝑙𝑎𝑛𝑘)
(𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑏𝑙𝑎𝑛𝑘)
 × 100%       … (7) 
 
Asample = absorbance of a sample  
Ablank = absorbance of a blank sample – (PBS + α-amylase + methanol) 
Acontrol = absorbance of a positive control – (PBS + substrate + methanol) 
 
3.9 ANTIMICROBIAL ACTIVITY ASSAY 
3.9.1 Principle of the diffusion method 
 
In order to determine whether rhizome and flower concentrated extracts of F. japonica and 
F. x bohemica with concentration of 100 mg/mL can inhibit the growth of test organisms 
(bacteria and yeasts) we performed diffusion method. 
 
For the diffusion test, isolated pure microbial colonies are homogenized in liquid medium to 
standard turbidity. A sterile cotton swab is dipped into the bacterial suspension and streaked 
evenly over the surface of an appropriate agar medium. Then antimicrobial agent (antibiotic 
or any other compound) with containing known amount is placed on the inoculated agar 
surface. After incubation, inhibition zones are observed and measured. (Madigan et al., 
2015). 
 
3.9.2 The course of the laboratory work 
3.9.2.1 Preparation of inoculum 
 
In our research, we used two culture media: Luria Bertani (LB) broth for bacterial growth 
and Malt Extract Agar (MEA) for yeasts and fungi. For each of them, we prepared a solid 
and liquid medium according to the instructions written on the package. Values for each 
medium are described in Table 5. Then media were sterilized in an autoclave. 
 
Table 5: Values for solid and liquid media preparation with LB (Luria Bertani) and MEA (Malt Extract broth). 









 BACTERIA YEASTS 
LB (s) LB (l) MEA (s) MEA (l) 
6.25 g 16.25 g 5 g 5 g 
agar 3 g / 3 g / 
distilled water 0.5 L 0.5 L 0.5 L 0.5 L 
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Inoculum was prepared from test bacteria and yeasts stored in the fridge at 7 °C. From each 
petri dish with specific bacteria or yeast, we isolated colonies with the pipette’s tip and 
suspended them in sterile solution with 5 mL of culture medium (LB or MEA). The 
procedure has been done at aseptic conditions in a laminar flow hood. Bacteria were growing 
in a shaking incubator at 37 °C and yeasts were growing at 28 °C both for 24 hours.  
 
Bacterial overnight culture was adjusted to 0.5 McFarland standard to comprise 
approximately from 1.5×108 to 3×108 CFU/mL (Dalynn biologicals, 2018). Yeast colonies 
were adjusted against 1.8 to 2 McFarland standards to comprise approximately 6×108 
CFU/mL. 
3.9.2.2 Diffusion method 
 
We mixed the diluted culture and spread it on the surface of the agar plate with a sterile 
cotton swab. After that, we put each sample of knotweed into each agar plate with the volume 
of 10 µL and also 10 µL of methanol as negative control. Plates were incubated at 37 °C 
(bacteria) and at 28 °C (yeasts) for 24 hours.  
 
Antimicrobial activity has been analysed only qualitatively with a fast screening of inhibition 
zones.  
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4 RESULTS AND DISCUSSION 
 
In this work, we compared antioxidant, anticancer, antidiabetic and antimicrobial activities 
of F. japonica and F. x bohemica rhizome and flower ethanol extracts. Further, we compared 
the correlation between the DPPH● scavenging capacity assay and Cellular Antioxidant 
Assay (CAA) and correlation between the DPPH● scavenging capacity assay α-amylase 
assay.  
 
4.1 ANTIOXIDANTS IN KNOTWEED EXTRACTS 
4.1.1 Total phenolic compounds  
 
Phenolic compounds widely distributed in the tissue of plant-based foods are important 
Reactive Oxygen Species (ROS) scavengers and reducers (Chan et al., 2016). They also play 
an important role in stabilizing lipid oxidation (Rice-Evans et al., 1996). 
 
All concentrated rhizome and flower extracts, obtained from F. japonica and F. x bohemica 
were analysed to determine Total Phenolic Content (TPC). The values, presented in Figure 
13 were obtained as an average of replica for all concentrated knotweed extracts. Accurate 
data of all registered values of TPC in knotweeds are presented in ANNEX I. Data were 
expressed as a chlorogenic acid equivalent antioxidant capacity in mmol/g of dry extract. 
  
 
Figure 13: Total phenolic compounds (TPC) for rhizome and flower extracts of F. japonica and F. x bohemica 
in mmol/g of dry extract. Results are expressed as chlorogenic acid equivalent. 
Slika 13: Skupna vsebnost fenolnih spojin za vzorce korenin in cvetov vrst F. japonica in F.x bohemica 
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The highest values of TPC were obtained in rhizome extracts and the lowest values in flower 
extracts. The highest values in rhizome extracts were found in extracts of F. x bohemica 
(2.35 mmol/g) and the lowest in F. japonica rhizome extracts (2.27 mmol/g). TPC of flower 
extracts was 1.98 mmol/g (F. x bohemica) and 1.55 mmol/g (F. japonica). There was a 
significant difference between rhizome extracts of both species. The highest antioxidant 
capacity values in flower extracts were obtained in F. x bohemica and the lowest in F. 
japonica concentrated extracts.  There was no significant difference between flower extracts 
of both species. 
 
In the study of Chan et al. (2016), they investigated soluble extracts and bound extracts in 
six common dietary species, where whole plant of F. japonica was also included. Similarly, 
to our study, TPC was determined by using F-C method. TPC for knotweed soluble dry 
extract was around 7.65 g of gallic acid equivalents/100 g of dry weight, which corresponds 
to 0.45 mmol/g of dry weight. The obtained value is lower compared to ours, which can be 
attributed to different preparation of samples calculated to powdered sample, while we used 
the concentrated extracts. Samples were in the study of Chan et al. (2016) air-dried in a 
ventilated oven at 40 °C for 24 h and then they were ground into fine powder and stored at 
4 °C. 0.5 g of powdered sample was extracted with 10 mL of 80% methanol in a water bath 
shaker at room temperature for 24 h. Then the extract was centrifuged at 2000×g for 30 min. 
The supernatant was harvested as the fraction of soluble extracts. Meanwhile, the residues 
were further extracted to obtain the bound extracts. 
 
4.1.2 Antioxidant activity determined by DPPH● scavenging capacity assay 
 
All concentrated rhizome and flower extracts, obtained from F. japonica and F. x bohemica 
were analysed to determine antioxidant activity by DPPH● scavenging capacity assay. The 
values presented in Figure 14, were obtained as an average of replica for all concentrated 
knotweed extracts. Accurate data of all registered values of antioxidant activity in knotweeds 
are explained in ANNEX I. Data were expressed as a Trolox Equivalent Antioxidant 
Capacity (TEAC) in mmol/g of dry extract. 
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Figure 14: Trolox equivalent antioxidant capacity (TEAC) of rhizome and flower extracts of F. japonica and 
F. x bohemica in mmol/g of dry extract. 
Slika 14: Troloksu ekvivalentna antioksidativna učinkovitost (TEAC) ekstraktov korenik in cvetov vrst F. 
japonica in F. x bohemica v mmol/g suhega ekstrakta. 
 
The results from our experiment indicate that the highest values were obtained for rhizome 
extracts compared to flower ones. The TEAC of concentrated rhizome extracts obtained 
from both knotweed species were similar, namely 2.25 mmol/g for F. japonica and 
2.13 mmol/g for F. x bohemica. Flower extracts had lower TEAC values, e.g. F. japonica 
(2.12 mmol/g), F. x bohemica (1.73 mmol/g) (Figure 14). 
 
In the study of Korenčan (2018), they were quantifying antioxidant activity with 2.2'-azino-
bis (3-ethylbenzothiazoline-6-sulphonic acid), nemely ABTS method, and they used trolox 
as a standard as well. Their values were similar to ours. The highest antioxidant activity was 
seen for rhizome extracts of F. japonica (around 3 mmol/g of a dry extract) and for F. x 
bohemica (around 2.5 mmol/g of a dry extract). Flower extracts of F. japonica possesed 
TEAC of about 2.4 mmol/g of a dry extracts, whereas the flowers of F. japonica around 2.8 
mmol/g.  
 
Comparing to the study of Korenčan (2018), our results were slightly lower, which can be 
attributed to different method used to determine antioxidant capacity and to different extract 
preparation. In their research, plant material was lyophilized at -51 °C for 48 hours, ground 
into fine powder and stored at -20 °C. Around 1 g of lyophilized sample was extracted with 
4% (v/v) of acetic acid solution and with ethanol in ratio 1:1. Then extracts were prepared 
in ultrasonic bath at 10 °C two times for 30 minutes. Supernatant was collected and stored 
at -20 °C. Unlike this study, we used 96% ethanol, extracts were also centrifuged for 30 min 
and ethanol was evaporated. Comparing to their study, we used concentrated extracts, 
whereas they calculated to lyophilized samples, therefore our values do not apply to the 
entire dry matter of the knotweed, but only to that that has been dissolved in ethanol. 
Insoluble substances remained in the sediment. Extract solvent (4% of acetic acid and 
ethanol in ratio 1:1) which Korenčan (2018) used in their research turned be the most 
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effective extraction solvent proven in the research of Rogelj (2015). Acetic acid was added 
with the purpose to make more efficient extraction and to stabilize extracted antioxidants. 
 
Previous studies by Pogačnik et al. (2016) have shown that the highest values for overall 
antioxidant activity were seen for the flowers (0.63 mmol/g of acidified ethanol extracts) 
compared to stalks, leaves and rhizomes (0.38 mmol/g of acidified ethanol extracts) for all 
knotweed species. The highest overall antioxidant capacities in rhizomes were seen for F. 
japonica. The overall antioxidant capacities were determined as the combinations of the data 
for each extraction method, by calculating the mean across all four assay methods (e.g. 
chemiluminiscence, ABTS, F-C, DPPH●) for the acidified ethanol extracts, for each of the 
knotweed species. Compared to our study, we obtained higher values because we had 
concentrated extracts. In the study of Pogačnik et al. (2016), extraction did not include 
evaporization, but only water bath. 
 
Comparisons of TEAC results with previous research are difficult to realise, because of 
different ways of extractions, analysis methods and different variations of method versions. 
 
4.1.3 Cellular antioxidant activity assay 
 
In vitro assays are widely used to analyse the antioxidant potential of bioactive compounds, 
but they cannot predict antioxidant behaviour in living systems. Cell-based assays are 
gaining popularity as a more biologically relevant technique that falls somewhere in the 
middle between in vitro assays and animal or human studies. Cellular antioxidant assay 
originally used PC12 cells from adrenal glands of rats, today, however, HepG2 cells derived 
from human hepatocellular carcinoma frequently appear in scholarly literature (Kellett et al., 
2018). 
 
All concentrated rhizome and flower extracts, obtained from F. japonica and F. x bohemica 
were compared kinetically to determine Cellular Antioxidant Activity (CAA) assay based 
on human hepatocellular liver carcinoma cells (HepG2).  
 
The assay was performed with concentrated knotweed extracts with concentrations of  = 
0.01 mg/mL and  = 0.001 mg/mL, but data are shown only for concentration of  = 
0.001 mg/mL, since the results were the most representative. The values, presented in Figure 
15, were obtained as an average of 5 repetitions for all concentrated knotweed extracts. 
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Figure 15: Cellular antioxidant activity (CAA) of selected extracts. Luteolin is a positive control (PC) and 
AAPH● is negative control (NC). 
Slika 15: Celična antioksidativna učinkovitost (CAA) izbranih ekstraktov, pri čemer je luteolin pozitivna 
kontrola (PC) in radikal AAPH● negativna kontrola (NC). 
 
As can be seen from Figure 15, the flower extracts of F. x bohemica possess the highest 
(50%) antioxidant activity of all tested extracts. Among rhizomes, the highest antioxidant 
activity was also obtained with F. x bohemica extract (23%). Rhizome extracts of F. japonica 
have the lowest antioxidant activity (17%) of all tested extracts. 
 
The results of CAA can partially be compared to study of Kellett et al., (2018), who 
performed the CAA assay on HepG2 cells using pure substances quercetin dehydrate (≥ 98% 
purity by HPLC) and (+)-catechin hydrate (≥ 98% purity by HPLC) (which are also present 
in extracts of flowers and stems of all three species of knotweeds (Vrchotová et al., 2010)). 
They found that catechin had weak or rather no CAA, while quercetin was very active. 
Vrchotová et al. (2010) found that the total level of quercetin is several times higher in 
flowers than in other tissues of knotweed species. This can explain the high CAA determined 
in flower extracts of F. x bohemica, compared to results obtained in rhizome extracts of both 
knotweed species used in our research. 
 
But it has to be noted, that our results of CAA and the previously presented results obtained 
by F-C and DPPH● assays do not correlate. The later two methods gave the highest values 
for rhizome extracts and the lowest values for flower extracts, which is the opposite from 
the results of CAA assay.  
 
However, DPPH● and F-C assays both belong to the antioxidant activity methods, that are 
based on the transfer of hydrogen between the free radicals and the antioxidant. For that 
reason, usually both methods give similar results, as also true for our results. These two 
methods are valid indicators of the antioxidant activity of a dietary substance, but this type 
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of assays cannot provide the evidence of antioxidant activity when consumed. On the other 
hand, the CAA assay, developed by Wolfe and Liu (2007) is more biologically relevant than 
chemical assays since it uses cellular models to evaluate the antioxidant capacity of different 
samples (Tabart et al., 2012).  
 
4.1.4 Identification and quantification of phenolic compounds by HPLC/DAD 
 
Major phenolic compounds of F. japonica and F. x bohemica were identified and quantified 
by High-Performance Liquid Chromatography with Diode-Array Detector (HPLC/DAD) 
system. Calibration curves for trans-resveratrol, polydatin, (+)-catechin and (-)-epicatechin, 
common components present in knotweed tissues which were commercially available, were 
prepared and used for identification and quantification in this study (ANNEXES E, F, G, H). 
 
 
Figure 16: Mass fraction (w) of investigated compounds in rhizome extracts expressed in a mass of substance 
(in mg) in a gram of dry extract. 
Slika 16: Masni delež (w) preiskovanih spojin, izraženih kot masa posamezne snovi (v mg) na gram suhega 
ekstrakta, v ekstraktih korenik. 
 
As expected, higher amounts of selected phenolic compounds were determined in rhizome 
concentrated extracts (Figure 16) compared to the flower extracts (Figure 17). In F. japonica 
rhizome samples, we detected considerably higher content of polydatin (40.29 mg/g) and 
epicatechin (36.06 mg/g) compared to resveratrol (0.87 mg/g) and catechin (7.06 mg/g). All 
of the selected polyphenols were determined in lower quantities in F. x bohemica extracts of 
rhizomes compared to those, obtained from F. japonica, where the contents of epicatechin, 
polydatin, catechin and resveratrol and were 17.50 mg/g, 11.27 mg/g, 6.56 mg/g and 0.46 
mg/g, and, respectively.  
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Figure 17: Mass fractions (w) of investigated compounds in flower extracts expressed in a mass of a substance 
(in mg) in a gram of dry extrct  
Slika 17: Masni delež (w) preiskovanih spojin, izraženih kot masa posamezen snovi (v mg) na gram suhega 
ekstrakta, v ekstraktih cvetov.  
 
In concentrated extracts of F. japonica flowers (Figure 17), the most abundantly present 
phenolic compound was epicatechin (6.45 mg/g), followed by catechin (3.93 mg/g) and 
polydatin (2.5 mg/g). The amounts of epicatechin, polydatin and catechin in F. x bohemica 
were lower, 4.67 mg/g, 2.45 mg/g and 1.99 mg/g, respectively. Resveratrol was not detected 
in any of concentrated flower extracts. The table with accurate values is presented in 
ANNEX I. 
 
Comparing extracts of rhizomes and flowers, the same active compounds (except 
resveratrol) are present in both tissues, but their amount differs. Moreover, differences in 
amounts of all four investigated phenolic compounds were observed in both knotweed 
species. The most abundantly present phenolic compound in concentrated ethanol extracts 
of rhizome from F. japonica was polydatin with 40.29 mg/g, followed closely by epicatechin 
with 36.06 mg/g. Rhizomes contained up to 16-times more polydatin than flowers, 6-times 
more epicatechin than flowers and up to 2-times more catechin than flowers.  
 
We also obtained higher values of most of the investigated compounds compared to the study 
of Korenčan (2018). Their results were represented as the mean of spring and autumn 
lyophilised samples. We obtained up to 3-times more phenolic compounds in rhizome 
extracts of F. japonica and F. x bohemica. For example, Korenčan (2018) obtained 23.5 mg 
of polydatin/g of lyophilised tissue, while we obtained 40.29 mg of polydatin/g of dried 
extract, which is expectable, since our dry matter did not contain any ethanol insoluble 
substances, hence the mass fraction of polydatin was higher.  
 
While comparing flowers, we obtained up to 4-times higher values of polydatin compared 
to the study performed by Korenčan (2018). In their study no resveratrol was detected in 
flowers of F. japonica, while in flowers of F. x bohemica negligible amounts were 
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determined in lyophilised tissue (0.476 mg/g). Vrchotová et al. (2007) detected around 
0.060 mg/g of resveratrol in flowers. If we compare catechin and epicatechin content, 
Korenčan (2018) obtained more catechin in flowers of F. japonica (5.0 mg/g) than we did 
(3.93 mg/g). They also determined 5-times more epicatechin in flowers of F. x bohemica 
(27.1 mg/g) than we did (4.67 mg/g). On the other hand, we determined one-time more 
epicatechin in flowers of F. japonica than they did.  
 
It has to be stressed that we used concentrated extracts, therefore our values do not apply to 
the entire dry matter of the knotweed, but only to ethanol soluble part. The ethanol insoluble 
substances form lyophilised knotweed tissue remained in the sediment and were not 
considered in our analyses. Therefore, it is expectable that our concentrated extracts were a 
richer source of most of selected polyphenolic compounds.  
 
On the other hand, lower levels of resveratrol in our flower extracts may also be attributed 
to higher levels of polydatin, glycosylated form of resveratrol. It is also possible that the 
resveratrol content in our extracts was below limit of detection of our method. 
 
It can also be noticed that levels of polydatin are extremely high in our extracts. Reason for 
that can explain study of Frantík et al. (2013), who observed the production of resveratrol, 
resveratroloside, polydatin and emodin from the aboveground and belowground biomass in 
a three-year field experiment. They found that the concentrations of antioxidants over the 
course of a season (July, August, and September) in the aboveground biomass decreased, 
and concentrations in the belowground biomass increased. Concentrations in the 
aboveground biomass were higher in spring, whereas concentrations in the belowground 
biomass were higher in autumn, when the plant starts to accumulate individual storage 
compounds (e.g. starch, sugars, and protein) for winter rest. We collected the plant material 
in September, which is why, based on studies by Frantík et al. (2013) an understandable 
cause for higher levels of antioxidants in the roots than in flowers. 
 
The previous study performed by Chen et al. (2013) has shown that concentrations of 
polydatin in F. japonica root samples were around 10.33 mg/g, which is 4-times less than 
our values. They also obtained around 3.47 mg/g of resveratrol, which is 3-times more than 
our values, but these values refer to whole root while our values refer only to rhizomes. 
Samples were lyophilized as ours and then methanol/water (50:50, v/v) was added and 
placed into an ultrasonic bath. The mixture was extracted and then the extraction solution 
was centrifugally separated and filtered, while we used concentrated extracts and our values 
do not apply to the entire dry matter of the knotweed, but only to that that has been dissolved 
in ethanol. The filtrate was then used for Ultra Performance Liquid Chromatography 
(UPLC), which operates at higher pressures and allows lower particle sizes in columns, 
which makes UPLC more precise compared to the HPLC, which was used in our study. 
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Overall, rhizomes of F. japonica contain the highest amount of all bioactive compounds 
determined in our study as well as in the other studies and have the highest antioxidant 
activity in comparison to flowers. Their biological activities were studied in the second part 
of our research. 
 
4.2 CYTOTOXICITY AND ANTICANCER ACTIVITY 
4.2.1 Haemolytic test 
 
This experiment was aimed to evaluate whether the extracts of F. japonica and F. x bohemica 
damage the host cytoplasmic membrane of normal red blood cells (RBCs), causing cell lysis 
and death. We determined the ability of tested extracts to create a strong golden yellow zone 
on Blood Agar Plate (BAP), which means haemolysis. 
 
As shown in Figure 18, for this haemolysis test, none of the selected extracts was able to 
destroy RBCs, as the red blood agar turned into a slight yellow colour around RBCs, which 
means that 10 µL with concentration of 100 mg/mL of crude concentrated extract did not 
break down RBCs and haemoglobin was not released into the surrounding fluid. Therefore, 




Figure 18: Results of haemolysis for four extracts; JC (flower of F. japonica), ČC (flower of F. x bohemica), 
JK2 (rhizome of F. japonica), ČK2 (rhizome of F. x bohemica). 
Slika 18: Rezultati hemolize za štiri različne ekstrakte; JC (cvet F. japonica), ČC (cvet F. x bohemica), JK2 
(korenika F. japonica), ČK2 (korenika F.x bohemica). 
 
Similarly, the study of Jung et al. (2005) has shown that resveratrol, which is also present in 
knotweeds has no haemolytic activity against human erythrocytes. Haemolytic activity was 
evaluated by a microtiter ELISA plate reader by determining the release of haemoglobin 
from a 4% suspension of fresh human erythrocytes. These results suggested that resveratrol 
has no drastic effect on human erythrocytes, which correlates with our findings when 
resveratrol containing extracts were used.  
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On the other hand, it was also found out that flavonoids may show beneficial effects in 
preventing oxidative damage to membranes. RBCs membranes contain lipids rich in 
unsaturated fatty acids and are therefore more frequently exposed to oxygen than other body 
tissue, thus they are more susceptible to oxditative damage. Haemoglobin in RBCs is a 
strong catalyst which may initiate lipid peroxidation (Asgary et al., 2005). Asgary et al. 
(2005) investigated the effect of several purchased flavonoids, namely kaempferol, 
quercetin, morin and rutin, which are also found in the roots and leaves of knotweeds 
(Patocka et al., 2017). Asgary et al. (2005) evaluated their thiol (-SH) capacity as an indicator 
of membrane protection. Thiol groups preserve cell membrane stability against free radicals 
by undergoing oxidization and forming disulfide bonds. Oxidants affect vital -SH groups of 
proteins during oxidative stress. If antioxidant compounds prove effective in protecting thiol 
groups against oxidization, they are likely to increase -SH capacity (Asgary et al., 2005). As 
so, haemolysis was inhibited by all selected flavonoids in this study (e.g. kaempferol, 
quercetin, morin and rutin) at concentration of 10 μg/mL. All compunds except rutin 
increased the number of -SH groups. The study showed that flavonoids and flavonoid 
containing plants can be used as natural antioxidants for the treatment and prevention of the 
pathogenesis which is mediated by lipid peroxidation. Similarly, our results showed that 
knotweed extracts have no negative effect on RBCs. They are not harmful to cell membranes 
and they protect RBCs from haemolysis, which is in agreement with result of Asgary et al. 
(2005). 
 
In the recent study of Chansiw et al. (2018), they investigated anti-haemolytic activity of 
leaf and stem extracts from Polygonum odoratum (Polygonaceae family, same as knotweed). 
This plant contains high levels of polyphenols, such as gallic acid, quercetin and others, 
which are also present in knotweeds (Patocka et al., 2017). The anti-haemolytic assay was 
performed by AAPH●, which was used to generate free radicals, which could attack the RBC 
membrane and cause haemolysis. Anti-haemolytic activity was assessed by measuring the 
degree of haemolysis when AAPH● generated free radical damage. The leaf and stem 
extracts of P. adoratum exhibited strong antioxidant activity, thereby protecting RBCs from 
haemolysis (Chansiw et al., 2018). However, no oxidative stress was used on our cells, so 
the results cannot be directly compared. 
 
However, in the study of Meira Martins et al. (2014), where they evaluated the effects of 
resveratrol treatment (0.1-50 μM) for 24 and 120 hours on GRX (Hepatic stellate cell model) 
viability and their oxidative status. Their findings showed that even low doses of resveratrol 
triggered a pro-oxidant effect on GRX cells. Although a dose-dependent pro-oxidative effect 
of resveratrol leading to oxidative stress in the cells treated with 50 μM was shown, the less 
expressive cytotoxicity found in this group at 120 h of treatment could suggest that the 
surviving cells seemed to be more resistant to the resveratrol-induced damage. 
 
Bergant T. In vitro characterization of bioactivities of rhizome and flower extracts of Japanese (F. japonica) … knotweed. 
  M.Sc. Thesis (Du2). Ljubljana, University of Ljubljana, Biotechnical faculty, Department of Food Science and Technology, 2019 
51 
These studies together with our study suggest that knotweeds, reach sources of flavonoids 
(e.g. resveratrol, quercetin, rutin, gallic acid), have no drastic effect on human RBCs, and 
therefore are not harmful to human erythrocytes We have to take into account that in the 
studies described above, pure resveratrol compound (or some other flavonoid) was 
investigated, while our extracts included various compounds (polydatin, epicatechin etc.) 
including resveratrol. Flavonoids may afford beneficial effects in preventing oxidative 
damage to membranes but in concentrations that are not harmful to cells, otherwise they 
might trigger a pro-oxidant effect. 
 
4.2.2 Resazurin-based viability assay 
 
A simple resazurin-based viability assay was performed for the screening of cytotoxicity in 
the cancer HeLa cervical cell line, in the cancer HepG2 liver cell line, in the cancer PaTu 
pancreatic cell line and in the non-cancer HEK 293T kidney cell line. Four cell lines were 
investigated for their viability in percentage (%) by treating four different extracts, rhizomes 
and flowers of F. japonica and F. x bohemica applied in a concentration range from 0.03125 
mg/mL to 1 mg/mL (Figure 19). 
 
Figure 19: Viability of cell lines (%) after exposure to rhizome and flower extracts of F. japonica and F. x 
bohemica. All cell lines were exposed to extracts for 48 hours at 37 °C, 5% CO2, 76% relative humidity (RH). 
Red horizontal lines represent positive control (medium + methanol). HeLa, human cervical adenocarcinoma 
derived cell line, HepG2, human liver adenocarcinoma derived cell line; PaTu, human pancreatic 
adenocarcinoma derived cell line; HEK 293T, human non-cancer epithelial kidney cell line. 
Slika 19: Živost celičnih linij (%) po izpostavitvi ekstraktom korenik in cvetov ekstraktov F. japonica in F. x 
bohemica. Vse celične linije so bile izpostavljene ekstraktom 48 ur pri pogojih 37 °C, 5% CO2, 76% relativna 
vlažnosti (RH). Rdeče vodoravne črte predstavljajo pozitivno kontrolo (medij + metanol). HeLa, rakava celična 
linija materničnega vratu; HepG2, rakava celična linija jeter; PaTu, rakava celična linija trebušne slinavke; 
HEK 293T, ne-rakava celična linija ledvic. 
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We determined whether rhizome and flower extracts of F. japonica and F. x bohemica 
exerted a toxic effect on cancer cells. The non-cancer HEK 293T cell line was used as a 
control, to see a possible difference. 
 
The results demonstrated that the PaTu cell line is the least sensitive to selected knotweed 
extracts among tested cancer cell lines. As shown in Figure 19, we can see that at doses of 
0.5 to 1 mg/mL all extracts showed 100% inhibition of all cancer and non-cancer cell lines 
used in this study. The only exception is F. japonica flower extract at concentration of 
0.5 mg/mL, which did not inhibit growth of PaTu cancer cells. We also noticed that HeLa is 
the most sensitive among the tested cancer cell lines, since the lowest concentrations of 
knotweed extracts inhibited its growth the most. 
 
Rhizome extracts of F. japonica and F. x bohemica are more toxic to cancer cell lines HeLa, 
HepG2, and PaTu compared to flower extracts. They showed the highest growth inhibition 
at the concentration range between 0.5 and 1 mg/mL. But they at the same time considerably 
inhibit also the growth of non-cancer embryonic kidney cell line HEK 293T. 
 
At low concentrations (below 0.0625 mg/mL), flower extracts of F. japonica and F. x 
bohemica are the least toxic to the HEK 293T cell line, which demonstrates the selectivity 
of these extracts compared to the other ones tested in this study and suggest the potential use 
of them for the treatment of cancer cells. However, at low concentrations the same extracts 
are also not too efficient inhibitors of cancer cell lines used in this study, so we cannot 
confirm any anti-cancer activity of the selected extracts that would not have also negative 
effect on non-cancer cells.  
 
To the best of our knowledge, no data about potential anticancer activity of knotweed 
extracts was published so far. However, the review of different studies (from rodent studies 
to clinical trials) Bishayee (2009) showed that resveratrol, which is abundantly present in 
rhizomes of knotweeds, possess a large spectrum of pharmacological properties. It affects 
all stages of carcinogenesis (initiation, promotion, and progression) by modulating signal 
transduction pathways that control cell division. Anticancer properties of resveratrol have 
been supported by its ability to inhibit proliferation of a wide range variety of human tumour 
cells in vitro. Kimura and Okuda (2001) reported that resveratrol isolated from F. japonica 
root at doses of 2.5 to 10 µg/g significantly reduced tumour volume (42%), tumour weight 
(44%) and metastasis to the lung (56%) in mice bearing highly metastatic Lewis lung 
carcinoma (LLC) tumours. 
 
In vitro assays have led to animal studies on skin, breast, prostate, gastrointestinal tract and 
lungs to evaluate the preventive and anticancerogenic potential of resveratrol (Bishayee, 
2009). Lee et al. (2015), investigated the effect of air-dried fruits of Fallopia japonica to 
skin malignant melanoma A375 and A375.52 cell lines. The data of MTT assay of a 24–
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hour treatment showed the anti-viability result from both epidermal malignant melanoma 
cells. They evaluated the effects of F. japonica extracts on cancer cytotoxicity with the cells 
incubated at a range of testing dosages between 0 and 50 µg/mL. After exposition of the two 
melanoma cells to a high concentration of their extract (50 µg/mL), cellular growth presented 
a decrease to 25%. They showed that F. japonica bioactive extracts from supercritical fluid 
carbon dioxide extractions could reduce the growth of A375 and A375.52. 
 
The big difference between our research and other researches is in the purity of extract. We 
used whole extracts, where other bioactive compounds are also present (flavonoids: 
polydatin, catechin, epicatechin, as well as other primary and secondary metabolites with the 
structure based on alkaloids, saponins and others), while previously mentioned researchers 
(Kimura and Okuda, 2001) used isolated resveratrol. Resveratrol undoubtedly has great 
potential for both prevention and therapy of a wide variety of cancers. There is a need for 
further studies to address the liver, cervical and pancreatic tissues.  
 
It also has to be noted that resveratrol was detected in this study in small amounts only in 
rhizomes of both knotweed species, while polydatin, glycosylated form of resveratrol was 
detected in both, flowers and in rhizomes of F. japonica and F. x bohemica. Romero-Pérez 
et al. (1999) emphasized that polydatin is as biologically important as resveratrol. They 
found out that both, resveratrol and polydatin inhibit platelet aggregation and oxidation of 
human low-density lipoprotein (LDL). Polydatin has also the ability to inhibit protein-
tyrosine kinase and can prevent cancer. Protein-tyrosin kinases are a group of enzymes that 
catalyse the transfer of phosphate in adenosine triphosphate (ATP) to the hydroxyl group of 
tyrosine in proteins. Protein-tyrosine kinases regulate many cell paths, especially those 
which play important roles regarding signal transfering (Jayatilake et al., 1993). 
 
In the original paper of De Maria et al. (2013), they showed that polydatin, alone or in the 
combination with resveratrol induced cooperative antitumor effect on Caco-2 cell line 
(human colon adenocarcinoma). In details, cell growth assays showed that the polydatin 
alone has stronger cytotoxicity than resveratrol in growing Caco-2 cell lines. The synergistic 
antiproliferative effect was reached only when polydatin/resveratrol ratio was 3:1.  
 
Therefore, the potential effects of knotweed extracts on growth inhibition of cancer cell lines 
can be attributed not only to the presence of resveratrol, but also to its derivative polydatin 
and other bioactive compounds (e.g. epicatechin, catechin). However, other cell lines and 
other extraction procedures should be tested in order to confirm these speculations. 
 
4.3 ANTIDIABETIC ACTIVITY ASSAY 
 
Since diabetes mellitus is a major endocrine disorder affecting nearly 10% of the population 
all over the world, currently treatments of diabetes, in addition to insulin supplement 
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includes many oral hypoglycemic agents along with diet and exercise. Second approach 
which may be prove to be beneficial for treatment of diabetes is to decrease the absorption 
of glucose through the inhibition of the carbohydrate hydrolysing enzymes in the digestive 
tract (Bhutkar and Bhise, 2012). 
 
The glucosidase enzymes such as α-amylase are responsible for the breakdown of oligo 
and/or disaccharide to monosaccharides. Inhibitors of these enzymes delay carbohydrate 
digestion and prolong overall carbohydrate digestion time causing a marked decrease in the 
rate of glucose (Bhutkar and Bhise, 2012). 
 
In order to determine antidiabetic activity of selected extracts α-amylase activity was 
measured as a decrease of 2-chloro-p-nitrophenyl-α-D-maltotrioside (CNPG3) substrate 
after addition of different concentrations (0.1 mg/mL, 0.01 mg/mL and 0.001 mg/mL) 
extracts of flowers and rhizomes of F. japonica and F. x bohemica. 
 
 
Figure 20: Inhibition of α – amylase activity in the presence of concentrated rhizome and flower extracts from 
F. japonica and F. x bohemica.  
Slika 20: Inhibicija α-amilazne aktivnosti v prisotnosti koncentriranih koreninskih in cvetnih ekstraktov F. 
japonica in F. x bohemica.  
 
The obtained inhibition graph (Figure 20) showed the dose-dependent manner: the higher 
the applied concentration, the higher the inhibition of α–amylase. However, considerable 
differences among extracts from different species and tissues were observed. Rhizome 
extracts from both tested species decrease α–amylase activity in all concentration range 
tested. At the highest extract concentration (0.1 mg/mL), the enzyme is completely inhibited 
by F. japonica rhizome and F. japonica flower extracts, whereas the other two extracts 
inhibit the enzyme only slightly less. Rhizome extract of F. japonica decrease enzyme 
activity by 74% at concentration of 0.01 mg/mL and F. x bohemica rhizome extracts decrease 
enzyme activity by 60%. The flower extracts from both knotweed species at the same 
concentration inhibit α–amylase considerably less, flower extracts of F. japonica for 32% 
and F. x bohemica flower extracts for 22%. At the lowest tested concentration 
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(0.001 mg/mL), the rhizome extracts of F. japonica decrease enzyme activity by 69% and 
rhizome extracts of F. x bohemica by 71%. At same concentration F. x bohemica flower 
extract decrease enzyme activity much less, for 42%, whereas F. japonica flower extract 
does not decrease α–amylase activity at all. It can thus be concluded that rhizome extracts 
from both knotweed species are the best inhibitors of α–amylase on all tested concentration 
range and can therefore be considered good sources with antidiabetic properties. 
 
Inhibition of α-amylase and also α-glucosidase enzymes using polyphenol-rich functional 
foods is a novel policy to regulate carbohydrate metabolism and supplementary and 
nutraceutical treatment for diabetes mellitus. A screening study by Rasouli et al. (2017) 
showed that among selected compounds, resveratrol (extracted from blueberries) can 
significantly decreases the α-glucosidase activity. Also, catechin (extracted from black tea 
and cherries) was proven to be a potent α-amylase inhibitor. They performed a molecular 
docking method to screen and identify the best α-amylase inhibitors. To identify the lead 
molecules, they first employed a ligand-based and further structure-based virtual screening. 
Virtual screening is a new technique, which has become popular in the pharmaceutical 
industry for lead identification. 
 
Furthermore, Kong et al. (2018) investigated grape seeds, by-products of brewing wines, 
which are rich in polyphenol and other ingredients. Their HPLC/DAD detection showed that 
grape seed extracts contain high amounts of epicatechin and catechin. Their research showed 
that grape seeds are rich in polyphenols and other active substances, which inhibited α-
glucosidase and α-amylase activity.  
 
In our study we determined resveratrol and its derivative polydatin as well as two catechins 
(catechin and epicatechin) which can all contribute to antidiabetic properties of these 
extracts. As shown before, the rhizomes of both knotweed species are up to 7-times richer 
in (-)-epicatechin and (+)-catechin and 16-times richer in polydatin compared to flowers of 
both knotweed species, which can be the reason for their better performance in antidiabetic 
assay performed by α-amylase. To date, there has been no other scientific studies on the 
effect of knotweed extracts or bioactive compounds extracted from knotweed species on the 
inhibition of pancreatic α-amylase.  
 
4.4 ANTIMICROBIAL ACTIVITY  
 
In antimicrobial activity part of our research, we escorted effect of four extracts (rhizomes 
and flowers of F. japonica and F. x bohemica) with concentration of 100 mg/mL, dissolved 
in methanol on different cultures of yeasts and bacteria as shown in Table 6. 
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Table 6: Gram-negative bacteria (G-) and Gram-positive bacteria (G+) and yeast cultures used in antimicrobial 
activity assay. 
Preglednica 6: Kulture Gram-negativnih (G-) in Gram-pozitivnih (G+) bakterij in kvasovk, uporabljenih v 
protimikrobnem testu. 
Bacteria Yeast 
Eschericia coli (G-) Saccharomyces cerevisiae 
Pseudomonas aeruginosa (G-) Saccharomycodes ludwigii 
Enterococcus faecalis (G+) Candida parapsilosis 
Bacillus megaterium (G+) Canidida tropicalis 
Proteus mirabilis (G-) Debaryomyces hanseii 
Proteus vulgaris (G-)  
 
The results show that none of the selected extracts in the concentration tested in our research 
(100 mg/mL) possess any antimicrobial activity against bacteria. Moreover, we found out 
that bacteria grow well at the presence of these samples. Pictures with results are presented 
in ANNEX J. 
 
On the other hand, the extracts showed antimicrobial activity against yeasts. Results were 
evaluated as the inhibition power according to the zone of inhibition. Methanol was used as 
a negative control. From Table 7, we can see that rhizome extracts showed stronger 
inhibition potential towards most of yeast cultures compared to flower extracts. Results 
showed that rhizome extracts have strong inhibition towards Saccharomycodes ludwigii and 
Candida parapsilosis, whereas the flower extracts only have a mild effect. The least sensitive 
yeast has proven to be Debaryomyces hanseii.  
 
Table 7: Results for antimicrobial activity: (+++) strong inhibition, (++) mild inhibition, (+) weak inhibition. 
Preglednica 7: Rezultati protimikrobne aktivnosti: (+++) močna inhibicija, (++) srednja inhibicija, (+) šibka 
inhibicija. 
 rhizomes flowers 
yeast F. japonica F. x bohemica F. japonica F. x bohemica 
Saccharomyces 
cerevisiae 
++ ++ + ++ 
Saccharomycodes 
ludwigii 
+++ +++ ++ ++ 
Candida parapsilosis +++ +++ ++ ++ 
Canidida tropicalis ++ ++ + + 
Debaryomyces 
hanseii 
+ + + + 
 
In the original paper Shan et al. (2008) treated five common foodborne bacteria (Bacillus 
cereus, Listeria monocytogenes, Staphylococcus aureus (Gram-positive), Eschericia coli, 
and Salmonella anatum (Gram-negative) with crude extract samples of F. japonica roots. 
The crude extract exhibited potent antibacterial properties. They evaluated the diameter of 
inhibition zone (DIZ) of tested bacteria and the DIZ values showed that the crude extract has 
a wide range of antibacterial activities against both Gram-positive and Gram-negative 
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bacteria. Bacterial suspension (106 CFU/mL, 100 µL) was inoculated to the surface of the 
PCA medium. Freeze-dried crude extract samples were dissolved in the phosphate buffer 
saline (PBS) (pH 7), while our extracts were dissolved in methanol. The final concentration 
was 100 mg/mL, as was ours. Qualitative analysis by LC-MS (liquid chromatography-mass 
spectrometry) identified that F. japonica roots possess high levels of polydatin, emodin and 
low concentrations of resveratroloside, resveratrol and others. Results indicated that most of 
them exhibited good antibacterial properties against the five tested bacteria.  
 
The important difference between other studies and our study is in the solution in which 
crude extract was dissolved. If we used a water solution, the results might have been different 
and more comparable to other studies since different solvents (water and ethanol) extract 
different bioactive substances. 
 
Zhang et al. (2013) evaluated the in vitro antimicrobial activities of 58 ethno-medicinal plant 
ethanol extracts against fungi, Gram-negative and Gram-positive bacteria, among which was 
F. japonica. With the concentration of 0.1 mg/mL, it showed mild significant inhibition 
effect against the yeast Candida albicans. This yeast is seen in almost all of the 17% of 
patients treated in intensive care units. Comparing to our study, there was strong to mild 
inhibition against Candida species. In the study of Jung et al. (2005), resveratrol showed 




In order to find out the possible correlations between the TEAC of selected extracts with 
their biological effects (CAA, anticancer activity, antidiabetic activity) we calculated 
Pearson’s correlation coefficients (r). It has to be noted that our experiments were performed 
with limited number of samples, so further study would have to be performed in order to 
confirm these results.  
 
4.5.1 Trolox equivalent antioxidant capacity (TEAC) in correlation with cellular 
antioxidant activity (CAA) 
 
We were interested in the correlation between TEAC of all tested extracts and their cellular 
antioxidant activity, determined by CAA assay. We used data obtained from concentrated 
extracts (0.001 mg/mL), where cellular antioxidant activity in the presence of extracts 
differed the most. 
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Figure 21: Correlation between trolox equivalent antioxidant capacity (TEAC) (mmol/g) and cellular 
antioxidant activity (CAA) (%). 
Slika 21: Korelacija med antioksidativno učinkovitostjo (TEAC) v mmol/g in celično antioksidativno 
aktivnostjo (CAA), izraženo v %. 
 
From the Figure 21, we can see that a strong correlation between TEAC and CAA is present. 
The value of -1.0 showed perfect (negative) correlation coefficient (r) and the coefficient of 
determination (r2) totals 0.99. So, the samples with higher antioxidant activity showed lower 
CAA, which is an unexpectable result. 
 
Our results partially agree with the report of Huang et al. (2014), in which the antioxidant 
activities of Chinese bayberry obtained from different antioxidant assays (ABTS, FRAP, 
DPPH, ORAC), did not correlate significantly with CAA assay. The results can be probably 
explained by different mechanisms used by antioxidant assays. In our research, CAA assay 
monitors oxidative stress in cells that is related not only to antioxidant properties of 
substances present in the sample, but also to the cellular uptake, distribution, and metabolism 
of antioxidants. In chemical assays (e.g. DPPH assay) on the other hand, antioxidants 
directly react with radicals (Tabart et al., 2012; Xing et al., 2015). But we also have to point 
out that our experiments included limited number of samples, so the results can not be 
extrapolated to other samples not included in this study. 
 
4.5.2 Trolox equivalent antioxidant capacity (TEAC) in correlation with cell viability 
 
To determine the correlation between TEAC and resazurin-based viability assay, we 
calculated the Pearson’s correlation coefficient (r) between TEAC and cell viability (%) for 
all cell lines (HeLa, HepG2, PaTu, HEK 293T) from concentrated extracts at cell viability 
dilutions (1 mg/mL, 0.5 mg/mL, 0.25 mg/mL, 0.125 mg/mL, 0.0625 mg/mL and 0.0313 
mg/mL). Our results did not confirm any correlation between anticancer activity and TEAC. 
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On the contrary, Shen et al. (2013) confirmed a very strong correlation (r = 0.93) between 
antioxidant capacity (DPPH●) and animal neuroprotection properties (staurosporine assay) 
for a selection of 13 herbal medicines, among which was also F. japonica.  
 
4.5.3 Trolox equivalent antioxidant capacity (TEAC) in correlation with α-amylase 
activity 
 
We were also interested in the correlation between TEAC of all tested extracts and their 
antidiabetic properties, determined by α-amylase assay. We used data obtained from 
concentrated extracts (0.01 mg/mL), where -amylase activities in the presence of extracts 
differed the most.  
 
 
Figure 22: Correlation between trolox equivalent antioxidant capacity (TEAC) (mmol/g) and α-amylase 
activity (%). 
Slika 22: Korelacija med antioksidativno učinkovitostjo (TEAC) v mmol/g in aktivnostjo encima α-amilaza  
(%). 
 
From the Figure 22, it can be seen that the correlation between TEAC and α-amylase activity 
is negative. The determined correlation coefficient (r) is –0.82, which presents a very strong 
correlation. This means that the extracts with higher TEAC reduced -amylase activity more 
than extracts with lower TEAC. We can thus conclude that the presence of more powerful 
antioxidants in the extract can result in its better antidiabetic activity.  
 
Similar experiment was conducted by Mehrabadi et al. (2011) to determine -amylase 
activity of stored-products insect pests, which can cause contamination issues to stored 
foods, in the presence of seven different plant extracts, including Rheum officinale, which 
similarly to knotweeds belongs to the family Polygonaceae. They found that the R. officinale 
extracts possess the highest -amylase inhibitory activity among the tested extracts. R. 
officinale is similarly to our extracts rich source of phenolic compounds, which were 
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identified or tentatively characterized based on their mass spectra. These compounds include 
resveratrol, polydatin, epicatechin and its gallate (Ye et al., 2007) which were also 
determined in our four extracts. 
 
4.6 FURTHER RESEARCH 
 
Knotweeds are plants, which are interesting to research, because of the active substances 
they contain. Until now, there have been various investigations made on rhizomes of 
knotweeds but less on the other plant tissues (Vrchotová et al., 2007). 
 
Based on our analysis, further research would be a great challenge and motivation. It would 
be important to separate individual bioactive compounds (resveratrol, polydatin, catechin 
and epicatechin) from extracts and evaluate their impact on chosen cell lines and enzymes. 
Besides the α-amylase enzyme, it would be interesting to see an impact of knotweed extracts 
on the α-glucosidase to improve glycemic control in diabetes mellitus type 2.  
 
Furthermore, until now, most of the studies have been made with the orientation on rhizomes 
of F. japonica, because of its high content of resveratrol. In the future, it would be sensible 
to analyse also the above ground parts of knotweeds and to focus also on the other two 
species, namely F. x bohemica (already used in this study) and F. sachalinensis. We could 
focus the research to bioactive compounds in different tissues of these invasive plants which 
could be of use to the food and/or pharmaceutical industry. 
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Regarding the purpose of this master’s thesis and its goals, we can make the following 
conclusions: 
 
- The ethanol extracts of rhizomes from both investigated knotweed species (F. 
japonica and F. x bohemica) possess higher antioxidant activity, determined by 
Folin-Ciocalteu (F-C) method and DPPH● scavenging capacity assay, compared to 
flower extracts. 
- Among the tested extracts, the flower extracts of F. x bohemica possess the highest 
Cellular Antioxidant Activity (CAA).  
- Rhizomes contain higher amounts of selected phenolic compounds (polydatin, 
epicatechin, catechin, resveratrol) than flowers. 
- Polydatin and epicatechin are two major phenolic compounds in rhizomes and 
flowers. 
- Resveratrol was determined only in rhizomes, whereas none was detected in flower 
extracts.  
- Extracts do not destroy the membrane of normal blood cells, and can be thus used as 
pharmaceuticals. 
- Among tested extracts, rhizome extracts of F. japonica and F. x bohemica are the 
most toxic to cancer cell lines HeLa, HepG2 and PaTu. 
- The PaTu cell line is the least sensitive to selected knotweed extracts among the 
tested cancer cell lines. 
- Among tested extracts, the flower extracts of F. japonica and F. x bohemica are the 
least toxic to the HEK 293T cell line at low concentrations. 
-  Rhizome extracts can more efficiently decrease α-amylase activity compared to 
flower extracts. 
- Rhizome extracts showed strong inhibition towards yeasts, whereas flower extracts 
showed mild inhibition.  
- Correlation between TEAC and CAA showed perfect (negative) correlation (r = - 
1.00). 
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- Correlations between TEAC and cell lines (HeLa, HepG2, PaTu and HEK 293T) 
showed no correlations. 
- Correlation between TEAC and antidiabetic assay by α-amylase showed strong 
(negative) correlation (r = - 0.82). 
 
Based on the hypothesis, we can make following conclusions: 
- Ethanol extracts of F. japonica and F. x bohemica possess different antioxidant 
activities. 
- Rhizome extracts contain the highest concentration of resveratrol, whereas the flower 
extracts did not contain resveratrol.  
- The extracts of F. japonica and F. x bohemica do not destroy the membrane of 
normal blood cells in the concentration used in this study. 
- Rhizome extracts of F. japonica and F. x bohemica inhibit better the viability of 
cancer cell lines (HeLa, HepG2 and PaTU) compared to flower extracts. 
- Rhizome and flower extracts of F. japonica and F. x bohemica show antidiabetic 
properties since they decreased α-amylase activity. The rhizome extracts are more 
efficient compared to flower extracts. 
- None of the selected extracts possess any antimicrobial activity against bacteria in 
the concentration range used in this study. 
- Rhizome extracts show stronger inhibition potential towards yeasts than flower 
extracts. 
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Alien species Fallopia japonica (Japanese knotweed) and Fallopia x bohemica (Bohemian 
knotweed) are invasive and environmentally problematic plants in Europe (Bailey et al., 
1996). In Eastern Asian countries, they have been traditionally used for treatment of various 
inflammatory diseases (Yi et al., 2007). Knotweeds of genus Fallopia sect. Reynoutria 
belong to the family Polygonaceae (Bailey et al., 1996). 
 
In this master’s thesis, we measured antioxidant activity of concentrated extracts with two 
chemical methods; Folin-Ciocalteu (F-C) and DPPH● method. The highest Total Phenolic 
Content (TPC) was found in rhizomes of F. x bohemica (2.35 mmol/g) and the lowest was 
in flowers of F. japonica (1.55 mmol/g). With the DPPH● method, we measured radical 
scavenging capacity. Our results showed that rhizomes have the highest antioxidant activity; 
however, there was a significant difference between rhizome extracts of both species, but 
there was no difference between flower extracts of both species.  
 
Beside chemical determination of antioxidant activity with DPPH● and F-C assays we also 
performed a cell culture model determination on HepG2 cells. It is considered a more 
suitable method to measure antioxidant activity. Among all tested extracts, flower extracts 
exhibited the highest antioxidant activity (50%). 
 
With High-Performance Liquid Chromatography with Diode-Array Detector (HPLC/DAD), 
we identified and quantified components following polyphenols; resveratrol, polydatin, 
epicatehin and catechin for which the data can be found in literature. The highest contents 
of phenolic compounds were in rhizomes as expected. There were two major compounds, 
polydatin (40.29 mg/g) and epicatehin (36,06 mg/g) quantified in the extracts of F. japonica. 
These two compounds are present in flowers of F. x bohemica in much smaller amounts. 
Resveratrol was identified in small amounts only in rhizomes. 
 
Moreover, if we want to use bioactive compounds as pharmaceuticals, they have to go 
through many cytotoxicity tests. First of all, we performed haemolysis test which showed 
that our extracts do not destroy Red Blood Cells (RBCs) and can therefore be used for further 
studies with cells.  
 
Furthermore, we measured the antioxidant activity of rhizome and flower extracts of F. 
japonica and F. x bohemica regarding their influence to cell viability of cell lines (HeLa, 
HepG2, PaTu and HEK 293T). We were also interested in the influence of extracts on the 
α-amylase and on bacteria and yeasts.  
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We measured the cell viability (%) of cell lines (HeLa, HepG2, PaTu and HEK 293T) which 
were treated with rhizome and flower concentrated extracts of F. japonica and F. x 
bohemica. Results showed that among tested cancer cell lines, PaTu exhibited the lowest 
sensitivity towards these extracts. Rhizomes and flowers were 100% effective at 
concentrations from 1 to 0.5 mg/mL. The most sensitive cancer cell line was the HeLa cell 
line. The HEK 293T cell line was a non-cancer cell line and served as a control. Flower 
extracts were the least toxic at low concentrations. Extracts have a minor effect on non-
cancer cell lines, which points on the selectivity of extracts towards cancer cell lines. 
 
Enzymatic assay with α-amylase showed that the rhizome extracts from both tested species 
can more efficiently decrease α–amylase activity, compared to flower extracts. At the highest 
extract concentration (0.1 mg/mL), the enzyme is completely inhibited by F. japonica 
rhizome and F. japonica flower extracts, whereas the other two extracts inhibit the enzyme 
only slightly less. 
 
Extracts with a concentration of 100 mg/mL did not exhibit any antimicrobial activity 
towards bacteria, but they affected yeasts. Rhizome extracts showed a strong inhibition 
towards Saccgaromycodes ludwigii and Candida parapsilosis. Flower extracts had a lower 
impact on these two yeasts. The least sensitive yeast was Debaryomyces hanseii. 
 
A comparison between Trolox Equivavalent Antioxidant Capacity (TEAC) and CAA 
exhibited perfect (negative) correlation, where the r coefficient equalled -1.0. Samples with 
higher antioxidant activity showed lower CAA, which is an unexpectable result. The 
correlation between TEAC and α-amylase activity was very strong (negative) where the r 
coefficient equalled -0.82. The presence of more powerfull antioxidants in the extract, can 
result in its better antidiabetic activity. Correlation between TEAC and resazurin-based 
viability assay did not confirm any correlation. 
 
We can confirm that knotweed rhizome extracts can decrease the activity of α-amylase, they 
can prevent the viability of cancer cell lines; however, in higher concentrations, they can 
harm non-cancer cells (HEK 293T cell line). This data indicates that high concentrations of 
antioxidants can start to act like pro-oxidants and stimulate cell oxidative damage. 
 
We believe that the rhizomes and flowers of knotweeds are a new source of antioxidants that 
could help in the prevention of diabetes and cancer. 
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Uravnotežena prehrana, bogata z antioksidanti, in redna telesna dejavnost, igrata pomembno 
vlogo pri preprečevanju raka in različnih oblikah debelosti, ki so danes glavni vzrok za 
umrljivost človeške populacije (Fresco in sod., 2006). 
 
Fenolne in polifenolne spojine so sekundarni metaboliti v sadju, zelenjavi in žitih, ki varujejo 
rastlino pred patogenimi mikroorganizmi, ultravijoličnim sevanjem in ostalimi škodljivci 
(Kreft in sod., 2000). Mnoge spojine delujejo kot antioksidanti in preprečujejo oksidativne 
poškodbe celice in celičnih organelov (Chen in sod., 2018).  
 
Dresniki so v Sloveniji invazivne rastline in predstavljajo okoljsko problematiko, medtem 
ko se v državah vzhodne Azije in severne Amerike tradicionalno uporabljajo za 
preprečevanje najrazličnejših vnetnih bolezni (Yi in sod., 2007). Dresnike uvrščamo v rod 
Fallopia, katerih je v Sloveniji 5 vrst. Glede na morfološke in molekularne znake jih delimo 
v tri sekcije. Za nas najbolj zanimiva je sekcija Reynoutria, ki vključuje 3 vrste (Bailey in 
sod., 2009). Japonski dresnik (Fallopia japonica) je od 2 do 3 metre visok grm z ovalnimi 
listi. Socvetja so majhna, kremaste ali bele barve s prašniki in pestiči. Sahalinski dresnik 
(Fallopia sachalinensis) je podoben japonskemu, vendar je nekoliko večji in z daljšimi listi. 
Na območjih kjer sta se japonski in sahalinski dresnik širila, je prišlo do medsebojnega 
križanja, hibrid imenujemo Fallopia x bohemica (Frajman, 2008). 
 
Namen magistrskega dela je bil primerjati antioksidativno učinkovitost koncentriranih 
etanolnih ekstraktov korenik in cvetov japonskega in češkega dresnika z aktivnostjo celičnih 
linij, prav tako nas je zanimal vpliv ekstraktov na aktivnost encima α-amilaza ter na bakterije 
in kvasovke. Med drugim nas je zanimal tudi vpliv koncentriranih ekstraktov na rakave 
celične linije (HeLa, HepG2, PaTu), kjer smo ne-rakavo celično linijo HEK 293T uporabili 
za kontrolo. Prav tako pa smo določili vsebnost fenolnih spojin ((-)-epikatehin, (+)-katehin, 
resveratrol, polidatin) s tehniko tekočinske kromatografije HPLC/DAD. 
 
Celične linije so se primarno razvile za medicinske raziskave (proizvodnja cepiv in za 
raziskave rakavih obolenj). Celična linija je eden izmed vrst celične kulture, ki nastane s 
prenosom koščka tkiva (eksplantat) v ustrezno hranilno gojišče (Freshney, 2005). Koščku 
tkiva prekinemo medcelične povezave s pomočjo proteolitičnih encimov (tripsin). 
Suspenzijo ločenih celic pa presedimo v sterilne posode z medijem (primarna celična 
kultura). S proteolitičnimi encimi lahko pripravimo sekundarno celično kulturo. Primarna in 
sekundarna celična kultura imata omejeno število celičnih delitev. Če želimo, da se celice 
delijo, jim pripravimo plastične sterilne posode (petrijevke), kamor se lahko pritrdijo in se 
nekontrolirano množijo dokler ne prekrijejo dna posode in tvorijo konfluentno kulturo 
(Erdani Kreft in sod., 2013). 
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V nalogi smo uporabili tri rakave celične linije (HeLa, HepG2 in PaTu) in eno ne-rakavo 
celično linijo (HEK 293T) za kontrolo. HeLa celice se imenujejo po Henrietti Lacks, ki je 
umrla leta 1951 za rakom materničnega vratu. Znanstveniki so izolirali celice jajčnikov in 
jih prenesli v hranilni medij. Celice so se robustno množile in postale prve celice v tkivni 
kulturi. HeLa celice so tako postale prva človeška celična linija (Lucey in sod., 2009). 
HepG2 je jetrna rakava celična linija, ki so jo izolirali iz 15-letnega kavkaškega dečka. PaTu 
celična linija izhaja iz tumorja trebušne slinavke 64-letne bolnice. HEK 293T pa predstavlja 
ne-rakavo celično linijo iz ledvic zarodka. 
 
Diabetes mellitus je poleg rakavih obolenj, kronična bolezen prebivalstva, ki je odgovorna 
za 1,5 milijonov smrti od leta 2012. Od 80-ih let 20. stoletja se populacija ljudi, obolelih s 
to boleznijo, povečuje (WHO baza podatkov, 2018). Priporočila Svetovne zdravstvene 
organizacije (WHO) so redna fizična aktivnost in uravnotežena prehrana, ki naj bi 
vključevala veliko prehranskih vlaknin in nenasičenih maščob, to pomeni veliko 
polnozrnatih žit, sadja in zelenjave. Poleg tega priporočajo zmanjšanje vnosa prostih 
sladkorjev na manj kot 10 % dnevnega vnosa (WHO, 2016). Na podlagi priporočil so se 
raziskave usmerile v proizvodnjo inhibitorjev glukozidaz (α-amilaza). S tem bi preprečili 
hitro razgradnjo ogljikovih hidratov v preproste sladkorje in tako zmanjšali absorbcijo 
glukoze v kri. 
 
Mikroorganizmi so ubikvitarna živa bitja, ki se nahajajo tudi v hrani in so sposobni preživeti 
v vsaki živeči obliki (Adamič in sod., 2003). Hrana je dober vir hranil za heterotrofne 
mikroorganizme, ki igrajo pomembno vlogo v prehrambeni industriji, kar vključuje tudi kvar 
živil, varnost živil in produkcijo (Madigan in sod., 2015). Nekateri mikroorganizmi, ki smo 
jih uporabili v nalogi, so pomembni v živilski industriji (Bacillus megatherium, 
Saccharomyces cerevisiae, Debaroymces hanseii), drugi pa so nezaželeni (Eschericia coli, 
Pseudomonas aeruginosa, bakterije rodu Proteus in rodu Candida). 
 
Material in metode 
 
Delo smo začeli z nabiranjem rastlinskega materiala in pripravo etanolnih ekstraktov za in 
vitro poskuse. V ekstraktih smo kvantificirali antioksidativno učinkovitost z uporabo 
radikala 2,2-difenil-1-pikrilhidrazil (DPPH●) in vsebnost skupnih fenolnih spojin (TPC) s 
Folin-Ciocalteujevim (F-C) testom. Izbrane polifenolne spojine smo določili in kvantificirali 
z visokotlačno tekočinsko kromatografijo, povezano z detektorjem DAD (HPLC/DAD) in 
testirali antidiabetične lastnosti ekstraktov z encimom α-amilaza. Prav tako smo testirali 
citotoksičnost in celično antioksidativno učinkovitost (CAA) ekstraktov na različnih celičnih 
linijah in tudi protimikrobno aktivnost na bakterije in kvasovke. Kemijsko karakterizacijo 
smo izvedli na Biotehniški fakulteti Univerze v Ljubljani, biološke teste pa na Univerzi za 
Kemijo in Tehnologijo v Pragi. 
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Korenike in cvetove F. japonica in F. x bohemica smo zbirali septembra 2016 na dveh 
lokacijah, ki jih je določil Anže Rogelj. Lokacije so bile izbrane glede na evidence prejšnjega 
vzorčenja, ki ga je izvedel Rogelj (2015), tako da ne obstaja možnost, da bi vrste med seboj 
zamešali. Vzorce smo nabirali od 9.00 do 11.00 zjutraj v vlažnih razmerah pri temperaturah 
od 14 do 20 °C.  
 
Priprava suhih ekstraktov lupin korenik in cvetov  
 
Sveže nabran rastlinski material (korenike in cvetove) smo očistili, posušili in korenike 
olupili. Lupine korenik in cvetove smo zamrznili s tekočim dušikom ter jih liofilizirali v 
liofilizatorju 2 dni (48 ur), da so dehidrirali. Liofilizirane vzorce smo zmleli v kavnem 
mlinčku. Do naslednjega dne so bili vzorci hranjeni v zaprtih falkonkah pri –20 °C.  
 
Sledila je priprava suhih ekstraktov lupin korenik in cvetov obeh dresnikov. Postopek 
ekstrakcije je potekal v nekaj korakih, vključno s centrifugiranjem in končnim uparevanjem 
etanola. Zatehtanim liofiliziranem korenikam (3 g) in cvetovom (od 1,3 do 2g) smo dodali 
ustrezne količine etanola (18 mL za korenike in 24 mL ter 22 mL za cvetove). Vsebine 
centrifugirk smo premešali na vrtinčniku in centrifugirke dali na ultrazvočno kopel na 23 °C 
za 30 minut. Po tem smo jih centrifugirali 10 minut. Ekstrakta obeh centrifugirk smo prelili 
v isti merilni valj in izmerili prvi volumen supernatanta. Usedlinama obeh centirfugirk smo 
ponovno dodali enake količine etanola kot prej in ponovili prejšnji postopek in izmerili 
volumen etanolnega ekstrakta po drugi fazi ekstrakcije. Ekstrakte smo zmešali z etanolnim 
ekstraktom prve ekstrakcije in vsebino dali na uparevanje na rotavapor R-210 Büchi 
Switzerland pri pogojih T = 40 °C, obrati = 4, Pzačetni = 131 mbar, Pkončni = 85 mbar, Pkonstantni 
= 23 mbar. 
 
Iz 55 mL etanolnega ekstrakta smo dobili 0,82597 g suhega ekstrakta lupine korenike F. 
japonica. Uspešnost ekstrakcije je bila 17,91 % (1,08127 g/ 6,03415 g). 
 
Iz 51,5 mL etanolnega ekstrakta smo dobili 0,95845 g suhega ekstrakta lupine korenike F. x 
bohemica. Učinkovitost ekstrakcije je bila 22,19 % (1,222997 g/ 6,04 g). 
 
Iz 74 mL etanolnega ekstrakta smo dobili 0,77951 g suhega ekstrakta cvetov F. japonica. 
Uspešnost ekstrakcije je bila 24,8 % (0,96911 g/ 3,90697 g). 
 
Iz 54,5 mL etanolnega ekstrakta smo dobili 0,56734 g suhega ekstrakta cvetov F. x 
bohemica. Učinkovitost ekstrakcije je bila 24,99 % (0,70244 g/ 2,81144 g). 
 
Vsi rezultati v tej nalogi se nanašajo na gram suhega koreninskega oz. cvetnega ekstrakta. 
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Priprava koncentriranih ekstraktov lupin korenik in cvetov 
 
Za kemijsko karakterizacijo smo zatehtali različne mase suhih ekstraktov korenik in cvetov 
in jih raztopili v 500 μL 96 % etanola. Za biološko karakterizacijo pa smo zatehtali približno 
100 mg vsakega suhega ekstrakta in jih raztopili v primerni količini metanola, da smo dosegli 




Antioksidativno učinkovitost smo merili s pomočjo treh metod (Folin-Ciocalteu (F-C), 
učinkovitost lovljenja radikalov z metodo DPPH● in celično antioksidativno učinkovitost 
(CAA)).  
 
Skupne fenolne spojine (SFS) smo merili z metodo Folin-Ciocalteu (F-C), katere osnova je 
oksidacijsko-redukcijska reakcija. Koncentrirane ekstrakte, ki smo jih pripravili za kemijsko 
karakterizacijo, smo 10-krat razredčili z etanolom. Odpipetirali smo 20 µL razredčenega 
vzorca korenik F. japonica in F. x bohemica, 25 µL razredčenega vzorca cvetov F. japonica 
in 10 µL razredčenega vzorca cvetov F. x bohemica. V vsako epruveto smo dodali 2 % 
etanojsko kislino do volumna 725 µL, dobro premešali in po 1 uri inkubacije v temi, na sobni 
temperaturi, izmerili absorbance. Na podlagi enačbe umeritvene krivulje (A746 = 3,6808 × c) 
in ustreznih razredčitvenih faktorjev smo izračunali vsebnost skupnih fenolnih spojin (SFS) 
v suhih ekstraktih in rezultate izrazili kot ekvivalent klorogene kisline v mmol/g.  
 
Učinkovitost lovljenja radikalov smo ocenili z uporabo DPPH● metode, kjer smo ustrezno 
redčen ekstrakt zmešali z raztopino DPPH● in izmerili absorbanco po 1 uri inkubacije v temi 
na sobni temperaturi. Koncentrirane ekstrakte smo 10-krat razredčili z etanolom. 
Odpipetrirali smo 5 µL vsakega izmed razredčenih ekstraktov. V vsako epruveto smo dodali 
2 % etanojsko kislino do končnega volumna 50 µL, dobro premešali ter po 1 uri inkubacije 
v temi na sobni temperaturi izmerili absorbance. Na podlagi enačbe umeritvene krivulje 
(Ablank–A517 = 0,9314 × c) in ustreznih razredčitvenih faktorjev smo izračunali 
antioksidativno učinkovitost določeno z radikalom DPPH● v suhem ekstraktu in rezultate 
izrazili kot ekvivalent troloksa v mmol/g. Nižja absorbance nakazujejo na višjo 
koncentracijo antioksidantov v vzorcu (Kedare in Singh, 2011).  
 
Kljub kopici kemijskih metod, ki so na voljo, nobena ne vključuje biološke uporabnosti, 
vnosa in metabolizma antioksidativnih snovi. Najboljše meritve so opravljene na živalskih 
ali človeških modelih, ki pa so drage in zamudne. Zato sta Wolfe in Liu (2007) razvila 
kvantitativni test celične antioksidatvine učinkovitosti (CAA). Verjameta, da ta model bolje 
predstavlja kompleksnost bioloških sistemov. 
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Za test CAA smo iz osnovne raztopine suhega ekstrakta s koncentracijo 100 mg/mL 
pripravili razredčene ekstrakte s koncentracijo 0,001 mg/mL. Poskus smo izvedli na celični 
liniji HepG2 z gostoto 5 × 104, ki smo jo nanesli na 96-celično ploščo z Eagle minimalnim 
esencialnim medijem (E-MEM). Po 24 urah smo rastni medij odstranili in celice umili z 
raztopino fosfatnega pufra (PBS). V pet kolon smo nanesli po 95 µL barvila DCFH-DA s 
koncentracijo 0,125 mg/mL in 5 µL vsakega ekstrakta s koncentracijo 0,001 mg/mL. Po 
enourni inkubaciji pri pogojih 37 °C, 5 % CO2 smo celice ponovno umili z raztopino PBS 
in v vsako celico (razen v slepi vzorec) odpipetirali po 100 µL radikala AAPH● s 
koncentracijo 0,164 mg/mL. Fluorescenco (ex./em. 485/540 nm) smo merili 1 uro v 5-
minutnih intervalih. Prav tako smo vključili pozitivno kontrolo (luteolin) in dva slepa vzorca 
(rastni medij z radikalom AAPH● in rastni medij brez radikala AAPH●). 
 
Kvantifikacija fenolnih spojin s HPLC/DAD 
 
Z visokotlačno tekočinsko kromatografijo, povezano z detektorjem DAD (HPLC/DAD) smo 
določili spojine v koreninskih in cvetnih ekstraktih F. japonica in F. x bohemica. Na podlagi 
pretekle študije, ki jo je opravila Martina Korenčan (2018), smo določili vsebnost spojin v 
vzorcih za trans-resveratrol, polidatin, (+)-katehin in (-)-epikatehin. Ločba komponent je 
potekala s tehniko gradientne elucije. Mobilna faza je bila sestavljena iz 90 % mravljične 
kisline (1 % HCOOH) in 10 % metanola (100 % metanol). Vzorce smo injecirali po enkrat, 
pri čemer je bil tok mobilne faze 0,5 mL/min, volumen injeciranja pa 10 μL. Izbrane 
polifenole smo določili kvalitativno s primerjavo retenzijskih časov standardov in s 
primerjavo spektrov kromatografskih vrhov pri 280 in 306 nm. Spojine smo kvantitativno 
določili na podlagi enačb umeritvenih krivulj standardov.  
 
Citotoksičnost in proti-rakava aktivnost 
 
Preden farmacevtske pripravke, prehranska dopolnila ali kozmetične pripomočke lahko 
damo na trg potrošniku, morajo opraviti vrsto citotoksičnih testov. Ker je toksičnost zapleten 
in vivo proces, je večina testov opravljena na celični ravni in vitro, kar imenujemo 
citotoksičnost (Freshney, 2005). 
 
Citotoksičnost pomeni testiranje vpliva raziskovanih spojin na živost celic, ki jih gojimo v 





Pred izvedbo testa na celičnih linijah smo izvedli test hemolize na sterilnem krvnem agarju 
(BAP). V telesu imamo namreč celice (eritrociti ali rdeče krvničke), ki prenašajo kisik od 
pljuč do tkiv (Lippi in sod., 2012). Membrane teh celic vsebujejo veliko nenasičenih maščob, 
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ki so bolj dovzetne za oksidativne poškodbe kot katerokoli drugo telesno tkivo (Asgary in 
sod., 2005). Ob poškodbi teh celic se hemoglobin, ki je sestavina rdečih krvničk, izloči. Ta 
pojav imenujemo hemoliza. V osnovi je ta test namenjen testiranju bakterijske toksičnosti. 
Med rastjo bakterijskih kolonij, se izloči hemolizin (encim), ki vodi do lize celičnih 
membran rdečih krvničk. Hemoglobin se izloči in tvori cono hemolize (Madigan in sod., 
2015). V našem primeru smo preverjali patogenost ekstraktov korenik in cvetov F. japonica 
in F. x bohemica. Če ekstrakti razgradijo zdrave rdeče krvničke, vzorcev ne morem uporabiti 
v farmacevtiki ali prehrambeni industriji.  
 
Pred izvedbo hemolitičnega testa smo vzorce sterilizirali z uporabo filtra s prepustnostjo 0,2 
μm, da smo izključili možen vpliv mikroorganizmov v našem vzorcu. 
 
Na krvni agar (BAP) smo nanesli diske, prepojene z 10 µL vsakega ekstrakta s koncentracijo 
100 mg/mL in jih 72 ur inkubirali pri 37 °C.  
 
Test živosti celic z resazurinom 
 
Test z resazurinom je hitra metoda, zasnovana na redukcijski reakciji, kjer se v primeru živih 
celic modro barvilo resazurin ireverzibilno reducira v rožnato fluorescenten resorufin (Huey 
Teh in sod., 2017). Produkt resorufin je sorazmeren številu živih celic (Riss in sod., 2011) 
in se ga lahko detektira kolorimetrično ali fluorimetrično (McMillian in sod., 2002). 
 
Pripravili smo tri rakave celične linije (HeLa, HepG2, PaTu) in eno ne-rakavo celično linijo 
HEK 293T, ki smo jih predhodno gojili v ustreznih gojiščih. Pripravljali smo subkulture s 
tripsinom, pri čemer smo za naš poskus vzeli celice od pete do tridesete presaditve. Celice 
smo nasadili na 4 mikrotitrske plošče z 96 vdolbinami. V vsako vdolbinico smo odpipetirali 
80 µL medija in celične kulture s približno 1×105 celic/mL. Obenem smo pripravili slepi 
vzorec (samo resazurin) in pozitivno kontrolo (medij in metanol). Celice smo nato inkubirali 
48 ur pri pogojih 37 °C, 5 % CO2, 76 % relativne vlažnosti (RH). 
 
V 2 mL mikrotitrski ploščici z 96 vdolbinami smo pripravili ekstrakte s prostornino 100 µL 
in z začetno koncentracijo 1 mg/mL in jih razredčili s 100 µL metanola. Koncentracije so 
gradientno padale: 1 mg/mL, 0,5 mg/mL, 0,25 mg/mL, 0,125 mg/mL, in 0,0625 mg/mL. 
 
Po pripravi ekstraktov smo nadaljevali s postopkom prenašanja ekstraktov na plošče s 
celičnimi linijami. Ta postopek je bil avtomatiziran s pomočjo Biomek FXP avtomatske 
postaje. V mikrotitrske ploščice s celičnimi linijami smo prenesli razredčene ekstrakte 
dresnikov. Celične linije z dodanimi ekstrakti smo tako inkubirali 48 ur v inkubatorju pri 
pogojih: 37 °C, 5 % CO2, 76 % RH. Po inkubaciji smo rastni medij odstranili in celice očistili 
s fosfatnim pufrom (PBS) (1X, pH 7,4) in dodali 100 µL raztopine resazurina (0,2 mg/mL) 
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v vsako vdolbino mikrotitrskih plošč. Mikrotitrske plošče smo inkubirali 3 ure pri pogojih 
37 °C, 5 % CO2, 76 % RH. Rezultate smo odčitali pri 560/590 nm (ex./em.). 
 
Antidiabetični test z encimom α-amilaza 
 
Za izvedbo testa z encimom α-amilaza smo vzorce s koncentracijo 1,00 mg/mL razredčili v 
metanolu od 10-krat do 104-krat. Mikrotitrsko ploščo smo pripravili tako, da smo odpipetirali 
60 µL fosfatnega pufra (PBS) (1X, pH 7,4) in dodali 10 µL α -amilaze s koncentracijo 
800 ng/L ter 20 µL vzorca (vzorce smo pripravili v dveh ponovitvah). Pripravljeno ploščo 
smo inkubirali 10 min pri temperaturi 20 °C. Po inkubaciji smo dodali 10 µL substrata 
CNPG3 s koncentracijo 6,6 mg/mL. Aktivnost encima smo merili v 1-minutnih intervalih v 




S testom protimikrobne aktivnosti smo preverili vpliv koreninskih in cvetnih ekstraktov F. 
japonica in F. x bohemica s koncentracijo 100 mg/mL na rast bakterij (Escherichia coli, 
Pseudomonas aeruginosa, Proteus mirabilis, Proteus vulgaris, Bacillus megatherium, 
Enterococcus faecalis) in kvasovk (Saccharomyces cerevisiae, Saccharomyces ludwigii, 
Candida parapsilosis, Candida tropicalis, Debaryomyces hanseii).  
  
Inokulume smo pripravili v falkonkah z ustreznim gojiščem za bakterije LB (Luria Bertani) 
in za kvasovke MEA (Malt Extract). Pripravljene falkonke smo inkubirali 24 ur v stresalnem 
inkubatorju pri 37 °C (bakterije) in pri 28 °C (kvasovke). 
 
Približno število bakterij v raztopini smo merili s turbidimetrično metodo. Za 
standardiziranje števila bakterij pa uporabili McFarlandov standard. Prekonočne kulture 
bakterij smo uravnavali na 0,5 McF, kar je približno od 1,5×108 do 3×108 CFU/mL (Dalynn 
biologicals, 2018), medtem ko smo kvasovke uravnavali od 1,8 do 2 McF, kar je približno 
6×108 CFU/mL.   
 
Inokulume smo aseptično nanesli s sterilno bombažno palčko na prej pripravljena agar 
gojišča. Na vsako agar ploščo smo s pipeto nanesli vse štiri vzorce ekstraktov dresnikov s 
prostornino 10 µL in 10 µL metanola, ki je služil kot negativna kontrola. Agar plošče z 
inokulumom in vzorci smo inkubirali 24 ur pri 37 °C (bakterije) in 28 °C (kvasovke). 
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Rezultati z razpravo 
 
Antioksidanti v ekstraktih dresnikov  
 
Skupne fenolne spojine z metodo Folin-Ciocalteu 
 
Skupne fenolne spojine (SFS) smo določili kot povprečje replik korenik in cvetov F. 
japonica in F. x bohemica. Rezultate smo podali kot ekvivalent klorogene kisline v mmol/g 
suhega ekstrakta. Najvišje vsebnosti smo določili v ekstraktih korenik F. x bohemica 
(2,35 mmol/g) in najnižje v ekstraktih F. japonica (2,27 mmol/g). Prisotnost SFS je bila v 
cvetovih manjša, in sicer smo v cvetovih F. x bohemica določili 1,98 mmol/g SFS, v cvetovih 
F. japonica pa zgolj 1,55 mmol/g.  
 
V študiji Chan in sod. (2016) so raziskovali topne in netopne spojine šestih užitnih vrst 
rastlin, med katerimi je bil tudi F. japonica. Podobno naši nalogi so SFS določali z metodo 
F-C. Vsebnost SFS v suhem ekstraktu je bila okoli 7,65 g galne kisline/100 g suhega vzorca, 
kar je 0,45 mmol/g suhega vzorca. Ta vsebnost je manjša v primerjavi z našo, kar lahko 
pripišemo drugačni pripravi ekstrakta, računanega na suh vzorec, medtem ko smo mi 
uporabili koncentriran ekstrakt. Chan in sod. (2016) so rastlinski material posušili v 
ventilacijski pečici in ga zmleli. 0,5 g zmletega rastlinskega materiala so ekstrahirali z 10 mL 
80 % metanola in centrifugirali. Supernatant so uporabili za raziskave topnih spojin, 
sediment pa so nadalje uporabili za raziskave netopnih spojin. 
 
Antioksidativna učinkovitost, določena z radikalom DPPH● 
 
Antioksidativno učinkovitost oz. sposobnost lovljenja prostih radikalov smo določili z 
metodo DPPH● kot povprečje replik korenik in cvetov koncentriranih ekstraktov F. japonica 
in F. x bohemica. Rezultate pa smo podali kot ekvivalent troloksa (TEAC) v mmol/g suhega 
ekstrakta.  
 
Najvišjo antiksidativno učinkovitost smo izmerili ekstraktom korenik. TEAC vrednosti 
koncentriranih ekstraktov korenik obeh dresnikov so bile podobne, in sicer v F. japonica 
2,25 mmol/g, v F. x bohemica pa 2,13 mmol/g. Ekstrakti cvetov so pokazali nižjo 
antioksidativno učinkovitost, saj je bila njena vrednost v ekstraktih cvetov F. japonica 
2,12 mmol/g, v F. x bohemica pa 1,73 mmol/g.  
 
V primerjavi z magistrsko nalogo Korenčan (2018) smo dobili razmeroma podobne 
vrednosti, vendar nekoliko nižje. To lahko pripišemo drugačni pripravi ekstraktov in dejstvu, 
da smo uporabili koncentrirane ekstrakte in ne suhega vzorca kot Korenčan (2018). 
Rastlinski material so v omenjeni raziskavi liofilizirali, za ekstrakcijo so uporabili etanojsko 
kislino in etanol v razmerju 1:1, ki se je po nalogi Rogelj (2015) izkazal za najučinkovitejše 
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ekstrakcijsko topilo. Vzorce so nazadnje prenesli v ultrazvočno kopel. Supernatant so 
shranili. V našem primeru smo za ekstrakcijo uporabili etanol, vzorce smo prav tako prenesli 
v ultrazvočno kopel in jih centrifugirali in nazadnje etanol uparevali. V primerjavi z nalogo 
Korenčan (2018) se naše vrednosti nanašajo na koncentriran ekstrakt, medtem ko se njihove 
vrednosti nanašajo na liofiliziran vzorec. Naše vrednosti se ne nanašajo na celoten suh 
vzorec, ampak le na snovi, ki so bile raztopljene v etanolu. Netopne snovi so ostale v 
sedimentu.  
 
V raziskavi Pogačnik in sod. (2016) so najvišje vrednosti skupne antioksidativne 
učinkovitosti imeli cvetovi v primerjavi s stebli, listi in korenikami vseh treh vrst dresnikov. 
Najvišjo skupno antioksidativno učinkovitost v korenikah so določili v F. japonica. Skupno 
antioksidativno učinkovitost so določili s povprečjem vseh štirih metod (kemiluminiscenca, 
ABTS, F-C in DPPH●). V primerjavi s to študijo smo v naši raziskavi določili višje vrednosti 
v vzorcih, saj smo imeli koncentrirane ekstrakte, Pogačnik in sod. (2016) pa niso vključili 
evaporizacije, ampak le ekstrakcijo na ultrazvočni kopeli. 
 
Celična antioksidativna učinkovitost 
 
Celično antioksidativno učinkovitost (CAA) koncentriranih ekstraktov korenik in cvetov F. 
japonica in F. x bohemica s koncentracijo  = 0,001 mg/mL, smo merili na rakavi celični 
liniji jetrnih celic (HepG2). Rezultate smo podali kot povprečje petih ponovitev. Prišli smo 
do zaključka, da izmed vseh ekstraktov cvetni ekstrakti F. x bohemica predstavljajo najvišjo 
antioksidativno učinkovitost (50 %). Med korenikami so se ekstrakti F. x bohemica s 23 % 
izkazali za najbolj učinkovite. Korenike F. japonica so se med vsemi ekstrakti izkazale za 
najmanj antioksidativno učinkovite (17 %).  
 
Nedavna študija, ki so jo opravili Kellett in sod. (2018) s čistimi spojinami kvercetina in 
katehina, ki ju tudi najdemo v vseh treh vrstah dresnikov (Vrchotová in sod., 2010), je 
pokazala, da je imel katehin zelo nizko antioksidativno učinkovitost na celično linijo HepG2, 
medtem ko je bil kvercentin zelo učinkovit. Vrchotová in sod. (2010) so odkrili, da je 
kvercentina več v cvetovih kot pa v drugih tkivih dresnikov. To lahko razloži višje vrednosti 
CAA v cvetovih F. x bohemica v primerjavi z rezultati korenik obeh vrst dresnikov.  
 
Če primerjamo vse tri v tej raziskavi uporabljene metode za določanje antioksidativne 
učinkovitosti, lahko opazimo, da rezultati CAA metode ne sovpadajo z rezultati metod F-C 
in DPPH●. Z zadnjima dvema metodama smo najvišjo antioksidativno učinkovitost določili 
v ekstraktih korenik, najnižjo pa v ekstraktih cvetov, kar je v nasprotju z rezultati testa CAA. 
F-C in DPPH● sta testa, katerih princip temelji na prenosu vodika med prostimi radikali in 
antioksidantom, zato ti dve metodi dajeta podobne rezultate. Sta uveljavljeni metodi za 
merjenje antioksidativne učinkovitosti prehranskih snovi, vendar pa ne moreta prikazati 
rezultata za antioksidativno učinkovitost. Wolfe in Liu (2007) sta v ta namen zasnovala CAA 
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metodo, ki vključuje celični model in je zato bolj biološko relevantna kot kemijski testi 
(Tabart in sod., 2012). 
 
Kvantifikacija fenolnih spojin s HPLC/DAD 
 
Na podlagi umeritvenih krivulj za izbrane spojine (trans-resveratrol, polidatin (-)-
epikatehin, (+)-katehin) smo določili vsebnost posameznih spojin v vseh ekstraktih, 
uporabljenih v tej študiji. Najvišje vsebnosti vseh preiskovanih fenolnih spojin smo določili 
v korenikah, v cvetovih so bile vsebnosti nižje ali pa jih sploh nismo zaznali. V vzorcih 
korenik F. japonica smo določili višje vsebnosti polidatina (40,29 mg/g) in epikatehina 
(26,06 mg/g), v primerjavi z resveratrolom (0,87 mg/g) in katehinom (7,06 mg/g). Vse 
preiskovane spojine smo določili tudi v F. x bohemica, vendar v manjših količinah, kjer so 
bile vsebnosti polidatina, epikatehina, resveratrola in katehina 11,27 mg/g, 17,50 mg/g, 0,46 
mg/g in 6,56 mg/g.  
 
V koncentriranih vzorcih cvetov F. japonica smo določili največ epikatehina (6,45 mg/g), 
katehina (3,93 mg/g) in polidatina (2,5 mg/g). Količine epikatehina, katehina in polidatina 
so bile v F. x bohemica nižje, in sicer 4,67 mg/g, 1,99 mg/g in 2,45 mg/g. Resveratrola nismo 
določili v nobenem izmed koncentriranih vzorcev cvetov. 
 
V primerjavi z nalogo Korenčan (2018), smo določili do 3-krat več fenolnih spojin v 
ekstraktih korenik F. japonica in F. x bohemica. Korenčan (2018) je določila 23,5 mg 
polidatina/g liofiliziranega vzorca, medtem ko smo mi določili 40,29 mg polidatina/g suhega 
koncentriranega ekstrakta. To smo pričakovali, saj naša suha snov ni vsebovala spojin, 
netopnih v etanolu, zaradi česar je bila vsebnost polidatina višja. 
 
V primerjavi z nalogo Korenčan (2018) smo v cvetovih določili do 4-krat višje vrednosti 
polidatina. Resveratrola v cvetovih F. japonica niso določili, medtem ko so ga v liofiliziranih 
vzorcih cvetov F. x bohemica določili zanemarljive količine (0,476 mg/g). Vrchotová in sod. 
(2007) so določili okoli 0,060 mg/g resveratrola v cvetovih. Če primerjamo količine katehina 
in epikatehina, je Korenčan (2018) določila več katehina v vzorcih cvetov F. japonica 
(5,0 mg/g) kot mi (3,93 mg/g). Prav tako je določila 5-krat več epikatehina v cvetovih F. x 
bohemica (27,1 mg/g) kot mi (4,67 mg/g). Po drugi strani pa smo določili enkrat več 
epikatehina v cvetovih F. japonica kot je v nalogi določila Korenčan (2018). 
 
Treba je poudariti, da smo v naši nalogi uporabljali koncentrirane ekstrakte, zato se naše 
vrednosti ne nanašajo na celotno suho snov dresnika, ampak le na del, ki je topen v etanolu. 
Snovi, ki so netopne v etanolu, predstavljajo liofiliziran sedimentni del, ki ga v naši nalogi 
nismo analizirali. Zaradi tega so naši koncentrirani vzorci bogatejši vir nekaterih izbranih 
polifenolnih spojin, ki smo jih določevali. 
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Vzrok za nizke vrednosti resveratrola v ekstraktih cvetov lahko pojasnimo z višjimi 
količinami polidatina, ki je glikolizirana oblika resveratrola. Prav tako je možno, da je bil 
resveratrol v naših vzorcih pod mejo detekcije. 
 
Vzrok za ekstremno visoke vsebnosti polidatina v naših vzorcih lahko razloži tudi raziskava, 
ki so jo opravili Frantík in sod. (2013), ki so spremljali količine resveratrola, 
resveratrolozida, polidatina in emodina v nadzemni in podzemni biomasi dresnikov v tri-
letnem eksperimentu. Prišli so do zaključka, da se koncentracije antioksidantov od julija do 
septembra v nadzemni biomasi, zmanjšujejo, medtem ko se koncentracije v podzemni 
biomasi povečujejo. Koncentracije antioksidantov so bile v nadzemni biomasi višje 
spomladi, medtem ko so bile koncentracije antioksidantov v podzemni biomasi višje jeseni, 
ko rastlina shranjuje založne snovi (škrob, sladkorji, beljakovine) za zimo. Rastlinski 
material smo nabirali septembra, zaradi česar lahko na podlagi študije Frantík in sod. (2013) 
razumemo vzrok za višje vsebnosti antioksidantov v korenikah v primerjavi s cvetovi. 
 
Korenike F. japonica tako vsebujejo najvišje količine bioaktivnih komponent, ki smo jih 
določali v naši raziskovalni nalogi in prav tako kot v drugih študijah imajo višjo 
antioksidativno učinkovitost kot cvetovi. 
 
Citotoksičnost in proti-rakava aktivnost 
 
Test hemolize  
 
S hemolitičnim testom smo ovrednotili sposobnost ekstraktov F. japonica in F. x bohemica 
lizirati citoplazemske membrane rdečih krvničk ali eritrocitov. Zanimalo nas je, ali lahko 
ekstrakti tvorijo močne zlato rumene inhibicijske cone na rdečem krvnem agarju, kar pomeni 
hemolizo. 
 
Test hemolize je pokazal, da ekstrakti dresnikov ne razgradijo rdečih krvničk, saj se je rdeč 
krvni agar obarval v nežno rumene barve. To pomeni, da 10 µL nobenega izmed testiranih 
ekstraktov s koncentracijo 100 mg/mL ni razgradil rdečih krvničk, posledično se hemoglobin 
ni sprostil v okolico. Podobne rezultate so dobili tudi Jung in sod. (2005), ki so s testom 
ELISA odkrili, da resveratrol nima hemolitične aktivnosti na eritrocite. 
 
Flavonoidi predstavljajo koristne učinke za preprečevanje oksidativnih poškodb membrane. 
Rdeče krvničke namreč vsebujejo lipide, bogate z nenasičenimi maščobnimi kislinami in 
zato bolj izpostavljene oksidativnim poškodbam, kot katerokoli drugo tkivo v telesu. Asgary 
in sod. (2005) so preučevali vplive kampferola, quercetina, morina in rutina, ki jih najdemo 
tudi v korenikah in listih dresnikov (Patocka in sod., 2017). Asgary in sod. (2005) so odkrili, 
da flavonoidi ščitijo oksidacijo tiolnih (-SH) skupin v membrani s tvorbo disulfidnih vezi in 
tako povečajo zmogljivost –SH skupin. Flavonoidi in rastline, ki vsebujejo flavonoide, so 
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naravni antioksidanti, ki se lahko uporabljajo za preprečevanje bolezni, za katere je povod 
peroksidacija lipidov. Ti rezultati torej nakazujejo na to, da ekstrakti dresnikov niso škodljivi 
za celične membrane in torej lahko ščitijo rdeče krvničke pred hemolizo, kar je v skladu z 
našimi dognanji. 
 
V nedavni raziskavi so Chansiw in sod. (2018) raziskovali anti-hemolitično aktivnost 
ekstraktov listov in stebel rastline Polygonum odoratum (ki se podobno kot dresniki uvršča 
v družino Polygonaceae). Ta rastlina vsebuje visoke vrednosti polifenolov, npr. galne 
kisline, kvercetina in drugih, ki se pojavljajo tudi v dresnikih (Patocka in sod., 2017). Anti-
hemolitični test so izvedli z merjenjem stopnje hemolize, ki jo je povzročil AAPH● z 
ustvarjanjem prostih radikalov. Ekstrakti listov in steblov P. adoratum so pokazali visoko 
antioksidativno učinkovitost in preprečili hemolizo rdečih krvničk. Čeprav gre za podobno 
rastlino, v naši raziskavi celic nismo izpostavljali oksidativnem stresu, zatorej teh rezultatov 
ne moremo popolnoma primerjati. 
 
V nasprotju z opisanim študijami pa so v raziskavi Meira Martins in sod. (2014) ovrednotili 
učinke zdravljenja z resveratrolom (0,1-50 μM) na živost in oksidativni status celic GRX 
(hepatotermičen celični model). Njihovi rezultati so pokazali, da tudi nizke koncentracije 
resveratrola lahko sprožijo pro-oksidativen učinek na GRX celično linijo. Dokazali so 
prooksidativen učinek resveratrola, odvisen od odmerka, ki je v koncentraciji 50 μM 
povzročil oksidativni stres v celicah. Kljub temu, je bila pri koncentraciji 50 μM manj 
izrazna citotoksičnost ugotovljena po 120 urah učinkovanja, kar nakazuje na to, da so 
preživele celice bolj odporne proti z resveratrolom povzročeno škodo. 
 
Te študije nakazujejo, da dresniki, ki so bogat vir flavonoidov (npr. resveratrola, kvercetina, 
rutina, galne kisline), nimajo pomembnega negativnega vpliva na človekove rdeče krvničke 
in zatorej niso škodljive. Moramo pa upoštevati, da so v zgoraj opisanih študijah uporabili 
le čisti resveratrol, medtem ko naši ekstrakti vsebujejo vrsto različnih polifenolnih spojin 
(polidatin, epikatehin idr.), vključno z resveratrolom. Potrebno pa je tudi biti pozoren na 
dejstvo, da imajo flavonoidi koristne učinke pri preprečevanju oksidativnih poškodb 
membran, vendar v koncentracijah, ki niso škodljive za celice, sicer lahko sprožijo 
prooksidativni učinek. 
 
Poskus sposobnosti preživetja celic z resazurinom 
 
Merili smo delež (%) živosti rakave celične linije materničnega vratu (HeLa), rakave celične 
linije jeter (HepG2), rakave celične linije trebušne slinavke (PaTu) in ne-rakave celične linije 
ledvic (HEK 293T), ki smo jih tretirali z ekstrakti korenik in cvetov F. japonica in F. x 
bohemica v koncentracijah od 0,03125 mg/mL do 1,00 mg/mL. 
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Rezultati so pokazali, da je bila PaTu celična linija najmanj občutljiva na izbrane ekstrakte, 
med rakavimi celičnimi linijami. Pri koncentracijah od 0,5 do 1 mg/mL so vsi ekstrakti obeh 
dresnikov zavrli rast rakavih in ne-rakavih celičnih linij, z izjemo cvetnega ekstrakta vrste 
F. japonica, ki pri koncentraciji 0,5 mg/mL ni zavrl rasti rakavih PaTu celic. Prav tako smo 
opazili, da je najobčutljivejša celična linija HeLa, ker so najnižje koncentracije ekstraktov 
dresnikov zavrle rast teh celic. 
 
Ekstrakti korenik F. japonica in F. x bohemica so se med vsemi ekstrakti izkazali za najbolj 
toksične do rakavih celičnih linij (HeLa, HepG2 in PaTu) v primerjavi z ekstrakti cvetov. 
Najvišjo stopnjo inhibicije rasti so pokazali v koncentracijah od 0,5 do 1 mg/mL, obenem 
pa so zavrle tudi rast tudi ne-rakave linije HEK 293T. 
 
Ekstrakti cvetov obeh dresnikov so pri nižjih koncentracijah (pod 0,0625 mg/mL) med vsemi 
ekstrakti najmanj toksični do ne-rakave HEK 293T celične linije, kar nakazuje na 
selektivnost teh ekstraktov v primerjavi z drugimi in nakazuje na potencialno uporabo za 
zdravljenje rakavih celic. Pri nizkih koncentracijah pa isti ekstrakti niso tako efektivni 
inhibitorji rakavih celičnih linij, uporabljenih v tej nalogi, torej ne morem potrditi proti-
rakave aktivnosti izbranih ekstraktov, ki ne bi imeli negativnega vpliva na ne-rakave celice. 
 
Po drugi strani pa je v preglednem članku Bishayee (2009) prikazal, da ima resveratrol, ki 
je v največji meri prisoten tudi v korenikah dresnikov, širok spekter farmakoloških 
značilnosti. Vpliva na vse korake karcinogeneze (iniciacija, promocija in progresija) z 
moduliranjem signalnih transdukcijskih poti, ki kontrolirajo celično delitev. Prav tako sta 
Kimura in Okuda (2001) v svoji raziskavi dokazala učinek resveratrola iz korenike F. 
japonica, ki je v koncentracijah od 2,5 do 10 µg/g zmanjšal volumen (44 %), težo (42 %) in 
metastaze (nove tumorje) pljuč (56 %) v miših z visokim metastatskim pljučnim tumorjem 
(LLC). Lee in sod. (2015) so odkrili, da lahko ekstrakt F japonica s koncentracijo 50 µg/mL 
prepreči tudi rast kožnega raka. 
 
Bistvena razlika med našo raziskavo in predstavljenimi raziskavami je v čistosti ekstrakta. 
V našem primeru smo uporabili celoten ekstrakt korenike in cvetov, kjer so prisotne tudi 
druge bioaktivne snovi (polidatin, katehin, epikatehin, primarni in sekundarni metaboliti s 
strukturami osnovanimi na alkaloidih, saponinih in druge), medtem ko se v prej omenjeni 
raziskavi (Kimura in Okuda, 2001) uporabili le izoliran resveratrol. Resveratrol ima 
nedvomno visok potencial za preprečevanje terapije rakavih obolenj, so pa potrebne 
nadaljnje študije na tkivih jeter, materničnega vatu in trebušne slinavke. 
 
Prav tako je treba izpostaviti, da smo v tej študiji resveratrol določili v manjših količinah in 
samo v korenikah, ne pa tudi v cvetovih, medtem ko smo polidatin določili v obeh tkivih 
obeh dresnikov. V raziskavi Romero-Pérez in sod. (1999) izpostavljajo, da je polidatin enako 
pomemben kot resveratrol. Dokazali so, da obe spojini, resveratrol in polidatin preprečujeta 
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združevanje in oksidacijo humanih lipoproteinov z nizko gostoto (LDL). Prav tako so 
dokazali, da ima polidatin sposobnost inhibirati encim protein-tirozin kinazo in tako 
preprečuje nastanek raka. 
 
Zato lahko potencialne učinke ekstraktov dresnikov na inhibicijo rasti rakavih celic celičnih 
linij pripišemo ne le prisotnosti resveratrola, ampak tudi njegovemu derivatu polidatinu in 
drugim bioaktivnim spojinam (epikatehin, katehin idr.). Potrebne bi bile nadaljnje študije 
testiranja drugih celičnih linij z drugimi postopki ekstrakcije, da bi potrdili te domneve. 
 
Antidiabetični test z α-amilazo 
 
Z namenom določiti antidiabetično aktivnost izbranih ekstraktov, smo aktivnost α-amilaze 
merili kot zmanjšanje količine substrata 2-kloro-p-nitrofenil-α-D-maltotriozida (CNPG3) po 
dodatku ekstraktov korenik in cvetov F. japonica in F. x bohemica različnih koncentracij 
(0,1 mg/mL, 0,01 mg/mL in 0,01 mg/mL). 
 
Na grafu inhibicije encima α-amilaze vidimo, da je le-ta odvisna od koncentracije ekstrakta: 
višja koncentracija ekstrakta pomeni višjo inhibicijo encima. Ekstrakti korenik obeh 
dresnikov so zmanjšali aktivnost α-amilaze pri vseh testiranih koncentracijah. Pri najvišji 
koncentraciji (0,1 mg/mL) je encim popolnoma inhibiran z ekstrakti korenik in cvetov F. 
japonica, medtem ko ekstrakta obeh tkiv F. x bohemica inhibirata encim nekoliko manj 
učinkovito. Ekstrakti cvetov pri nizkih koncentracijah prav tako zmanjšujejo aktivnost 
encima, vendar ne toliko učinkovito kot ekstrakti korenik.  
 
Preprečevanje aktivnosti encimov α-amilaza in α-glukozidaza s hrano, bogato s fenolnimi 
spojinami, je nov pristop reguliranja metabolizma ogljikovih hidratov in preprečevanje 
bolezni diabetesa tipa II. Hitra študija, ki so jo opravili Rasouli in sod. (2017) je pokazala, 
da med izbranimi spojinami, resveratrol lahko inhibira aktivnost encima α-glukozidaza, 
medtem ko se je katehin izkazal za inhibitorja encima α-amilaza. Prav tako so Kong in sod. 
(2018) preučevali grozdne peške in njihov vpliv na aktivnost α-amilaze, ki so stranski 
produkt pri pridelavi vina in so bogate s polifenoli in drugimi sestavinami. Te vsebujejo 
veliko epikatehina in katehina. Grozdne peške so uspešno zavrle aktivnost α-amilaze. 
 
V naši nalogi smo določili resveratrol in njegove derivate polidatin ter katehine (katehin in 
epikatehin), ki vsi lahko prispevajo k antidiabetičnim značilnostim koreninskih in cvetnih 
ekstraktov F. japonica in F. x bohemica. Kot smo že prej omenili, so korenike obeh 
dresnikov do 7-krat bogatejše v vsebnosti (-)-epikatehina in (+)-katehina in do 16-krat 
bogatejše v vsebnosti polidatina v primerjavi s cvetovi obeh dresnikov, kar bi bil lahko vzrok 
za njihovo boljšo učinkovitost pri antidiabetičnem testu. Do zdaj še ni bilo narejene nobene 
študije o vplivu ekstraktov dresnikov ali bioaktivnih snovi, izoliranih iz dresnikov na 
aktivnost α-amilaze. 
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Spremljali smo vpliv ekstraktov korenik in cvetov F. japonica in F. x bohemica s 
koncentracijo 100 mg/mL na različne kulture bakterij (Eschericia coli, Pseudomonas 
aeruginosa, Enterococcus faecalis, Bacillus megaterium, Proteus mirabilis, Proteus 
vulgaris) in kvasovk (Saccharomyces cerevisiae, Saccharomycodes ludwigii, Candida 
parapsilosis, Canidida tropicalis, Debaryomyces hanseii). Ekstrakti dresnikov niso pokazali 
nobene protimikrobine aktivnosti proti bakterijam, so pa zavrli rast kvasovk. Rezultate smo 
prikazali kot moč inhibicije rasti na podlagi inhibicijske cone. Ekstrakti korenik so pokazali 
močnejšo inhibicijo kot cvetni ekstrakti. Ekstrakti korenik so najbolje zavrli rast kvasovk 
Saccgaromycodes ludwigii in Candida parapsilosis, medtem ko so imeli cvetni ekstrakti na 
omenjenih kvasovkah manjši vpliv. Za najodpornejšo kvasovko se je izkazala 
Debaryomyces hanseii.  
 
V podobni raziskavi so Shan in sod. (2008) tretirali pet patogenih bakterij (Bacillus cereus, 
Listeria monocytogenes, Staphylococcus aureus, Eschericia coli, Salmonella anatum) s 
koreninskimi ekstrakti F. japonica. Ekstrakti s koncentracijo 100 mg/mL so zavrli rast 
bakterij. Liofilizirane ekstrakte so raztopili v fosfatnem pufru (PBS), medtem ko smo jih mi 
raztopili v metanolu. Kvalitativna analiza s tekočinsko kromatograafijo, povezano z masno 
spektroskopijo, je pokazala, da korenike F. japonica vsebujejo visoke vrednosti polidatina, 
emodina in nizke vsebnosti resveratrola. 
 
Pomembna razlika, ki jo je treba poudariti, je v raztopini, v kateri so bili ekstrakti raztopljeni. 
Če bi uporabili raztopino na osnovi vode, bi morda dobili drugačne rezultate in bolj 





Da bi ugotovili možne korelacije med TEAC izbranih ekstraktov z njihovimi biološkimi 
učinki (celična antioksidativna učinkovitost (CAA), proti-rakava aktivnost, antidiabetična 
aktivnost) smo izračunali Pearsonove korelacijske koeficiente (r). Treba je opozoriti, da so 
bili naši poskusi izvedeni z omejenim številom vzorcev, zato bi bilo treba opraviti nadaljnje 
študije, da bi potrdili naše rezultate. 
 
Rezultati korelacijske analize med TEAC in CAA, so pokazali, da obstaja popolna 
(negativna) korelacija, kjer je koeficient korelacije (r) enak -1,0. Tako se je izkazalo, da 
imajo vzorci z višjo antioksidativno učinkovitostjo nižjo CAA, kar ni pričakovan rezultat. 
Naši rezultati se deloma ujemajo z rezultati Huang in sod. (2014), kjer se različni 
antioksidativni testi (ABTS, FRAP, DPPH● in ORAC) ne ujemajo z rezultati CAA testa. V 
tem primeru viri navajajo, da CAA spremlja oksidativni stres v celicah, ki se ne nanaša le na 
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antioksidativne značilnosti snovi v vzorcih, ampak tudi na celično absorpcijo, distribucijo in 
metabolizem antioksidantov. Kemijski testi pa reagirajo neposredno z radikali (Tabart in 
sod., 2012; Xing in sod., 2015). Prav tako moramo izpostaviti, da so naši eksperimenti 
vključevali omejeno število vzorcev, torej rezultatov ne moremo prenesti na druge vzorce, 
ki niso bili vključeni v to raziskavo. 
 
Za določitev korelacije med TEAC in testom živosti celic na osnovi resazurina smo 
izračunali Pearsonov korelacijski koeficient (r) med TEAC in živostjo celic (%) za vse 
celične linije (HeLa, HepG2, PaTu, HEK) koncentriranih ekstraktov pri razredčitvah 
(1 mg/mL, 0,5 mg/mL, 0,25 mg/mL, 0,125 mg/mL, 0,0625 mg/mL in 0,0313 mg/mL). Naši 
rezultati niso potrdili nobene korelacije med proti-rakavo aktivnostjo in TEAC. 
 
Prav tako nas je zanimala korelacija med TEAC vseh testiranih ekstraktov in njihovimi 
antidiabetičnimi lastnostmi, določenimi z α-amilaznim testom. Uporabili smo podatke 
koncentriranih ekstraktov (0,01 mg/mL), kjer so se aktivnosti α-amilaze v prisotnosti 
ekstraktov najbolj razlikovale. 
 
Rezultati korelacijske analize so pokazali, da obstaja zelo močno (negativna) korelacija med 
TEAC in aktivnostjo encima α-amilaza, kjer je koeficient (r) enak -0,82. To pomeni, da se 
prisotnost močnejših antioksidantov v ekstraktih odraža v boljši antidiabetični aktivnosti. 
 
Podoben poskus so izvedli Mehrabadi in sod. (2011), ki so določevali aktivnost α-amilaze 
insektov v skladiščenih proizvodih, ki lahko povzročijo kontaminacijo shranjenih živil, v 
prisotnosti sedmih različnih rastlinskih izvlečkov, vključno z Rheum officinale B; ki prav 
tako kot dresniki spada v družino Polygonaceae. Ugotovili so, da imajo izvlečki R. officinale 
največjo inhibitorno aktivnost α-amilaze med testiranimi ekstrakti. R. officinale je bogat vir 
fenolnih spojin, ki so bile identificirane ali okvirno označene na podlagi njihovih masnih 
spektrov. Te spojine vključujejo resveratrol, polidatin, epikatehin in njegov galat (Ye in sod., 
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Glede na namen magistrskega dela lahko zaključimo: 
- Etanolna ekstrakta korenik F. japonica in F. x bohemica imata najvišjo 
antioksidativno učinkovitost, ki smo jo določili z metodo Folin-Ciocalteu (F-C) in z 
metodo DPPH●, v primerjavi z ekstrakti cvetov. 
- Med testiranimi ekstrakti imajo ekstrakti cvetov F. x bohemica najvišjo celično 
antioksidativno aktivnost (CAA). 
- Korenike vsebujejo več izbranih fenolnih spojin (polidatin, (-)-epikatehin, (+)-
katehin, trans-resveratrol) kot cvetovi. 
- Polidatin in epikatehin sta fenolni spojini, katerih je v korenikah in cvetovih največ. 
- Resveratrol smo določili le v korenikah, ne pa tudi v cvetovih. 
- Etanolni ekstrakti ne razgradijo membrane rdečih krvnih celic, torej se jih lahko 
uporablja kot farmacevtike. 
- Med vsemi testiranimi ekstrakti, so ekstrakti korenik F. japonica in F. x bohemica 
najbolj toksični do rakavih celičnih linij HeLa, HepG2 in PaTu. 
- PaTu celična linija je najmanj občutljiva celična linija na izbrane ekstrakte dresnikov. 
- Med vsemi ekstrakti, so cvetni ekstrakti F. japonica in F. x bohemica najmanj 
toksični na ne-rakavo celično linijo HEK 293T pri nizkih koncentracijah. 
- Ekstrakti korenik bolj zmanjšujejo aktivnost encima α-amilaza v primerjavi z 
ekstrakti cvetov. 
- Ekstrakti korenik so močno inhibirali rast kvasovk, medtem ko ekstrakti cvetov niso 
imeli velikega učinka. 
- Ekstrakti korenik in cvetov F. japonica in F. x bohemica niso zavrli rasti bakterij. 
- Korelacija med TEAC in CAA je pokazala popolno (negativno) korelacijo (r = -1,0). 
- Med TEAC in živostjo celičnih linij (HeLa, HepG2, PaTu in HEK 293T) ni 
korelacije. 
- Korelacija med TEAC in aktivnostjo encima α-amilaza je pokazala zelo močno 
(negativno) korelacijo (r = -0,82). 
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Glede na postavljene hipoteze lahko zaključimo: 
 
- Etanolni ekstrakti F. japonica in F. x bohemica imajo različne antioksidativne 
učinkovitosti. 
- Ekstrakti korenik vsebujejo resveratrol, medtem ko ga v cvetnih ekstraktih nismo 
določili. 
- Ekstrakti korenik F. japonica in F. x bohemica ne razgradijo membrane rdečih krvnih 
celic. 
- Ekstrakti korenik F. japonica in F. x bohemica bolje preprečijo rast rakavih celičnih 
linij (HeLa, HepG2 in PaTu,) kot ekstrakti cvetov. 
- Ekstrakti korenik in cvetov F. japonica in F. x bohemica kažejo antidiabetične 
lastnosti, saj so zmanjšali aktivnost α-amilaze. Ekstrakti korenik so bolj uspešno 
inhibirali α-amilazo kot ekstrakti cvetov. 
- Niti koreninski niti cvetni ekstrakti v koncentracijskem območju, preiskušenem v tej 
raziskavi, ne zavrejo rasti bakterij. 
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ANNEXES 
ANNEX A 
Time and locations of collecting plant material. 
Annex A1: Locations and time of collecting plant material. 
Priloga A1: Lokacije in čas nabiranja dresnikov.  
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Annex A3: Location of Bohemian knotweed. 
Priloga A3: Lokacija češkega dresnika. 
Annex A2: Location of Japanese knotweed. 
Priloga A2: Lokacija japonskega dresnika. 
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ANNEX B 
 
Schematic representation of rhizome’s peel extraction and flowers extraction of F. japonica 











































1 3.0327 18.0 x 2 
20 35 
3.0225 18.0 x 2 
20 33 
2 3.0015 18.0 x 2 3.0175 18.0 x 2 
∑  72.0 55.0  72.0 51.5 
  
rotavapour 
0.83286 g of dry extract 
+ 3.4 mL of ethanol
rotavapour 
1.01143 g of dry extract + 
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vaporization
0.82597 g of dry 
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vaporization
0.95845 g of dry 
extract
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ANNEX C 
Calibration curve for Folin-Ciocalteu (F-C) assay. 
 
Annex C1: Calibration curve preparation for Folin – Ciocalteu (F-C) assay. 
Priloga C1: Priprava umeritvene krivulje za metodo Folin-Ciocalteu. 
0, 88 mM C16H18O9 (µL) cC16H18O9 (mM) A746 nm Ā746 nm c (mM) 
25 0.0311046531 0.0921 
9.97E-02 0.03110322 
25 0.031104653 0.107 
50 0.062209306 0.2314 
0.22892 0.062207 
50 0.062209306 0.22644 
75 0.093313959 0.33692 
0.33692 0.093310 
75 0.093313959 0.68953 
100 0.124418613 0.47057 
0.46056 0.124414 
100 0.124418613 0.45055 
125 0.155523266 0.58501 
0.58502 0.155517 
125 0.155523266 0.58503 
150 0.186627919 0.68104 
0.682995 0.186621 
150 0.186627919 0.68495 
175 0.217732572 0.79205 
0.799185 0.217724 
175 0.217732572 0.80632 
 
About chlorogenic acid (C16H18O9): 
M = 354.31 g/ mol 
m = 7.99 mg  
c = (0.00799)/ 354.1/ 0.0 25×1000 = 0.902034941 mM 
 
1 10.902034941 ×25/ 725 






Annex C2: Calibration curve for Folin – Ciocalteu (F-C) assay. 
Priloga C2: Umeritvena krivulja za metodo Folin – Ciocalteu. 
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ANNEX D 
Calibration curve for DPPH● scavenging capacity assay. 
 
Annex D1: Calibration curve preparation for DPPH● scavenging capacity assay. 
Priloga D1: Priprava umeritvene krivulje za metodo DPPH●. 
Vtrolox (µL) Ā517 nm c trolox (mM) Ablank - A 
0 1. 17170 1 0 
5 1. 05015 0.112669304 0.12155 
10 0. 96216 0.225338607 0.20954 
15 0. 86307 0.338007911 0.308625 
20 0. 75634 0.450677214 0.41536 
25 0. 67015 0.563346518 0.50155 
30 0. 54322 0.676015822 0.62848 
35 0. 48900 0.788685125 0.6827 
40 0. 360925 0.901354429 0.810775 
45 0. 180905 1.014023732 0.990795 
50 0.0904 1.126693036 1.08 
 
About trolox: 
M = 250.29 g/ mol 
m = 2.82 mg 
n = 0.00282/ 250.29 = 1.12669E-05 






Annex D2: Calibration curve for DPPH● scavenging assay. 
Priloga D2: Umeritvena krivulja za metodo DPPH●. 
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ANNEX E 
Calibration curve for trans-resveratrol. 
 
Annex E1: Volumes of standard solutions of trans-resveratrol for calibration curve preparation. 
Priloga E2: Priprava umeritvene krivulje za standardno raztopino trans-resveratrola. 
Y2 (µg/mL) V2 (µL) V1 RSV (µL) V MF 
0 .5 1000 50 950 
1 1000 100 900 
2.5 1000 25 975 
5 1000 50 950 
7.5 1000 75 925 
10 1000 100 900 
12. 5 1000 125 875 
15 1000 150 850 
 
𝑌1 × 𝑉1 = 𝑌2  ×  𝑉2 
𝑉1 = (15 µg/mL  ×  100 µL)/(100 µg/mL) =  150 µl 
 
Annex E2: Final concentrations and area average. 
Priloga E2: Končne koncentracije in površine. 











  Annex E3: Calibration curve for trans-resveratrol. 
Priloga E3: Umeritvena krivulja za trans-resveratrol. 
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ANNEX F 
Calibration curve for polydatin. 
Annex F1: Volumes of standard solutions of polydatin for calibration curve preparation. 
Priloga F1: Priprava umeritvene krivulje za standardno raztopino polidatina. 
Y2 (µg/mL) V2 (µL) V1 POLY. (µL) V MF 
5* 1000 50 950 
10 1000 100 900 
50 1000 50 950 
100 1000 100 900 
200 1000 200 800 
300 1000 300 700 
400 1000 400 600 
500 1000 500 500 
*5 and 10 µg/mL are small concentrations. To avoid mistakes at pipetting we took from 100 µg/mL.  
𝑌1 × 𝑉1 = 𝑌2  ×  𝑉2  
𝑉1 = (10 µg/mL  ×  1000 µL)/(100 µg/mL) =  100 µl 
 
Annex F2: Concentrations and area average. 
Priloga F2: Končne koncentracije in površine. 














Annex F3: Calibration curve for polydatin.  
Priloga F3: Umeritvena krivulja za polidatin. 
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ANNEX G 
 
Calibration curve for (+)-catechin. 
 
Annex G1: Volumes of standard solutions of (+)-catechin for calibration curve preparation. 
Priloga G1: Priprava umeritvene krivulje za standardno raztopino (+)-katehina. 
Y2 (µg/mL) V2 (µL) V1 CAT (µL) V MF 
5 1000 125 875 
10 1000 200 800 
20 1000 20 980 
30 1000 30 970 
40 1000 40 960 
50 1000 50 950 
 
𝑌1 × 𝑉1 = 𝑌2  ×  𝑉2  
 𝑉1 = (10 µg/mL  ×  1000 µL)/(50 µg/mL) =  200 µl  
 
Annex G2: Concentrations and area average. 
Priloga G2: Končne koncentracije in površine. 












Annex G3: Calibration curve for (+)-catechin. 
Priloga G3: Umeritvena krivulja za katehin. 
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ANNEX H 
Calibration curve for (-)-epicatechin. 
Annex H1: Volumes of standard solutions of (-)-epicatechin for calibration curve preparation. 
Priloga H1: Priprava umeritvene krivulje za (-)-epikatehin. 
Y2 (µg/mL) V2 (µL) V1 EPICAT (µL) VMF 
25 1000 25 975 
50 1000 50 950 
75 1000 75 925 
100 1000 100 900 
125 1000 125 875 
200 1000 200 800 
 
𝑌1 × 𝑉1 = 𝑌2  ×  𝑉2  
𝑉1 = (25 µg/mL ×  1000 µL)/(1000 µg/mL) =  25 µl) 
 
Annex H2: Concentrations and area average. 
Priloga H2: Končne koncentracije in površine. 












Annex H3: Calibration curve for (-)-epicatechin. 
Priloga H3: Umeritvena krivulja za epikatehin. 
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ANNEX I 
 
Calculations of antioxidant activity measured with Folin-Ciocalteu method (F-C) and with 
DPPH● radical scavenging capacity assay. 
 
Annex I1: Determination of Total Phenolic Content (TPC) by Folin-Ciocalteu (F-C) method. 
Priloga I1: Določitev skupnih fenolnih spojin v vzorcih (SFS) z metodo Folin-Ciocalteu (F-C). 
Species  Vsample (µL) A517 nm C dry extract (mmol/g) caverage (mmol/g) STDEV 
F. x bohemica - 
rhizome 




 20 0.59175 2.458984047 
F. japonica - 
rhizome 




 20 0.57296 2.372893486 
F. x bohemica - 
flower 




 10 0.53378 2.021099692 
F. japonica - 
flower 
25 0.62742 1.511702681 
1.548072501 0.051434692 
 25 0.65761 1.58444232 
 
 
Annex I2: Determination of antioxidant capacity with DPPH● radical. 
Priloga I2: Določitev antioksidativne učinkovitosti z radikalom DPPH●. 
Species  Vsample (µL) A517 nm C dry extract (mmol/g) Caverage (mmol/g) STDEV 
F. x bohemica - 
rhizome 




 5 0.71402 2.163674181 
F. japonica - 
rhizome 




 5 0,68086 2.306110597 
F. x bohemica - 
flower 




 5 0.33685 1.764206688 
F. japonica - 
flower 









Bergant T. In vitro characterization of bioactivities of rhizome and flower extracts of Japanese (F. japonica) … knotweed. 
  M.Sc. Thesis (Du2). Ljubljana, University of Ljubljana, Biotechnical faculty, Department of Food Science and Technology, 2019 
ANNEX J 
 
Results of agar plates for antimicrobial activity assay for one bacterium (Eschericia coli) 
and for all yeast cultures (Saccharomyces cerevisiae, Saccgaromycodes ludwigii, Candida 
parapsilosis, Canidida tropicalis, Debaryomyces hanseii). 
 
Legend: 
S1 = rhizome of F. x bohemica 
S2 = rhizome of F. japonica 
S3 = flowers of F. japonica 
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